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APPENDIX G: ARGONNE’S RESPONSE TO COMMENTS RECEIVED FROM 


SHOSHONE-BANNOCK TRIBES 


 
 


Appendix G contains the response to the comments received on October 20, 2015, from 
Shoshone-Bannock Tribes on the Draft Report: Independent Review of Elemental Phosphorus 
Remediation at the Eastern Michaud Flats FMC Operable Unit near Pocatello, Idaho, 
September 2015. Note that page and line numbers referenced in this appendix refer to an earlier 
draft of this document. Italicized text indicates changes that were made in response to the 
comments received from the Tribes. 
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SBT 


Comment 
Number Tribes’ Comment Response by Argonne Review Team 


1 ANL prepared this report 
pursuant to an EPA 
Statement of Work (SOW) 
which did not request that 
ANL provide any analyses 
of costs. Instead, ANL was 
directed to review 
excavation and treatment 
technologies (ETTs) from a 
technology (science and 
engineering) perspective. 
The Shoshone-Bannock 
Tribes (Tribes) find it to be 
a major problem with the 
report that, contrary to the 
SOW, the costs of 
implementing ETTs are 
mentioned throughout the 
report. All of these 
references to costs should 
be deleted. 


The Tribes and the U.S. Environmental Protection Agency (EPA) agreed to the inclusion of cost in 
the content of “Limitations” for the review parameters. In drafting the report, Argonne provided very 
broad estimates of the cost of each ETT. Argonne did not analyze costs in any detail. Argonne 
believes that the report is in compliance with the SOW, as a cost “analysis” was not conducted. 
Argonne believes that it is necessary that costs be considered in determining whether to go forward 
with any of the ETTs. Hence, Argonne believes that the very broad discussion of cost provided in 
the Draft report should be carried forward into the Final report. If and when EPA determines to go 
forward with any of the ETTs, a very detailed analysis of cost will be an important part of the 
decision-making process.  


2 In the beginning of the 
report, there is only a brief 
discussion related to 
chemical and physical 
parameters that could affect 
the success or failure of an 
ETT. These factors should 
be reviewed more 
thoroughly, not only for 
their effects on 


Agreed, the document will be modified. The following will be inserted on Pg. 7, Line 37: 
 
White phosphorus is acutely toxic and poisonous, with a fatal dose for humans around 
50 mg. White phosphorus will spontaneously ignite in air at temperatures greater than 30oC 
(86°F); therefore, in addition to keeping P4 under water whenever possible, another 
generally applicable safety precaution is to work with P4 only under cold conditions 
(Rivera et al. 1996). The physical and chemical properties of P4 that could affect the ETTs 
discussed below include its melting point of 44°C, its densities of 1.828 g/cm3 (solid) and 


1.745 g/cm3 (liquid at 44.5°C), its vapor pressures of 3.4E-5 atm at 20°C and 1.0E-3 atm at 
76.6°C, and its solubility of approximately 4 mg/L at 25°C in water (Rivera et al. 1996). 
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SBT 


Comment 
Number Tribes’ Comment Response by Argonne Review Team 


remediation, but also for 
their possible effects on 
worker and community 
safety and health. For 
example, as stated by the 
Tribes at the September 
2015 meeting, the effect of 
cold temperatures during 
ETT use, such as reducing 
phosphine gas formation 
and/or lowering exposure 
(and therefore risk), should 
be reviewed in the 
document. 


 
Oxidation of P4 results in a number of different gaseous phosphorus species, the most 
abundant of which is P2O5 (Rivera et al. 1996). When exposed to water or humid air, P2O5 
is converted to phosphoric acid. This process can occur within human lungs after inhalation 
of P2O5, thus causing severe irritation. White phosphorus reacts to form phosphine gas 
(PH3) in moist, anoxic environments such as subsurface sediments and soils. The rate of 
this reaction increases dramatically with increasing pH (above 7) (Rivera et al. 1996). 
Phosphine gas is flammable and highly toxic with an auto-ignition temperature of 38°C and 
an LD50 (median dose) of 3 mg/kg. As with the oxidation/ignition hazard, the risk of PH3 
production can be mitigated by working with P4 at low temperatures (at least below 30°C) 
(Rivera et al. 1996). 
 
In addition to the acute inhalation hazard and dermal hazards associated with skin contact, 
chronic poisoning due to long-term exposure to P4-related vapors and gases poses 
significant risks that need to be accounted for in assessing site worker safety. Chronic 
exposure to P4 vapors and associated gases can cause necrosis of the jaw bone (phossy-
jaw) and damage to lungs, eyes, bones, and the gastrointestinal tract (Rivera et al. 1996). 


3 LDR treatment as an ETT 
needs clarification because 
several technologies can be 
used. A more detailed 
discussion of the caustic 
(alkaline) hydrolysis 
treatment should be 
provided as an example or 
should be discussed as its 
own technology rather than 
just being “part” of the 
LDR treatment. One 
question: Are there other 
technologies that could be 


This comment requires no change to the text. It appears that FMC was quite thorough in identifying 
the technology or technologies that could be used to address the land disposal regulation (LDR) 
treatment standards. The commenter is correct in noting that the LDR waste treatment system (WTS) 
is not a single ETT, but rather is a suite of technologies used to treat P4 and other hazardous 
constituents. The technologies associated with the LDR WTS were selected specifically because the 
technologies can meet the LDR requirements; hence, the name “LDR WTS.” The assemblage of 
technologies is described on Pgs. 87 and 88, and the components are summarized in bulleted fashion 
on Pg. 88. The review team specifically acknowledges that the LDR WTS is a process in that it is a 
collection of separate technologies.  
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Comment 
Number Tribes’ Comment Response by Argonne Review Team 


used in an LDR treatment 
process? It is important to 
denote that the LDR 
treatment is probably more 
of a system or process than 
an ETT because one ETT 
alone most likely will not 
satisfy the LDR 
requirements. 


4 The report needs stronger 
language and an 
explanation pertaining to 
the weakness of the current 
Conceptual Site Model 
(CSM), the lack of 
subsurface sampling and 
therefore characterization, 
and the many data gaps that 
affected ANL’s ability to 
evaluate the in situ 
technologies to a greater 
extent and created some 
difficulties in analyzing the 
ex situ technologies also. 
The Tribes suggest that 
there be more detailed 
discussion of these points 
in the 
conclusions/recommendatio
ns section of the report and 
in the executive summary 


Deficiencies in the CSM have been called out in numerous instances throughout the report. The fact 
that there is “sparse characterization data” available is noted in the Abstract. The fact that there are 
uncertainties about the CSM is noted in the Executive Summary. Furthermore, uncertainties about 
the CSM are discussed, where relevant, in the discussion on a specific ETT. Nevertheless, the 
Review Team needs to better explain how CSM uncertainties affected the review of technologies. 
The Review Team will include the following language in the Abstract, Executive Summary, and 
Summary and Conclusions.  
 
Abstract ES-2, Line 4:  after “…..and treat P4 wastes, then the Review Team determined that a 
number of the ETTs examined warrant further consideration for the treatment of P4 waste 
that has been characterized (for example, P4 waste present in the historical ponds). 
Nevertheless, concerns about the health and safety of site investigation workers using then-
available investigation approaches prevented the collection of subsurface samples 
containing P4 from large areas of the site (e.g., the railroad swale, the vadose zone beneath 
the Furnace Building, and the abandoned railcars), As a result, the contaminant CSM in 
those particular areas was not refined enough to allow the Review Team to draw 
conclusions about using some of the ETTs to treat P4 waste in those areas.  
 
Similar language will be added to ES-6, Line 42 and Pg 137, Line 12,  
If, despite this risk and these impacts, stakeholders determine there is a need to excavate 
and treat P4 wastes, then the Review Team concludes that several of the ETTs could be used 
in combination to treat only a subset of the P4 waste present at the site. Concerns about the 







 


 


G
-8 
 


 
SBT 


Comment 
Number Tribes’ Comment Response by Argonne Review Team 


(as discussed several times 
at the September meeting). 
The inadequacy of the 
CSM and the lack of site 
characterization [were] 
especially apparent when it 
came to evaluating ETTs 
for the [Furnace Building] 
and the area where the 
railcars are buried, and 
these are both areas that the 
Tribes view as high 
priorities for cleanup.  


health and safety of investigation site workers using the then-available investigation 
approaches prevented the collection of subsurface samples containing P4 from large areas 
of the site, including, for example, the railroad swale, the vadose zone beneath the Furnace 
Building, and the abandoned railcars. It appears that no attempt was made to experiment 
with or to use alternative characterization methods (such as modified PPE, nonintrusive 
techniques, remotely controlled sample collection equipment, cryogenics, etc.) as part of the 
investigation. As a result, the CSM in those particular areas is not refined enough to allow a 
full evaluation of ETTs and to allow the Review Team to draw conclusions about the 
efficacy of the ETTs examined. However, in other areas of the site, for example, the 
historical ponds, process knowledge (information about the process waste stream 
discharged to the historical ponds), and the information gathered during both the CERCLA 
investigations and the RCRA-related investigations, provide the information needed to 
determine whether or not the ETTs considered warrant further consideration for P4 in those 
areas. 


5 There needs to be a section 
of the report on monitoring 
and measuring because 
these two parameters are 
entwined with the ETTs 
and the CSM. If one cannot 
monitor/measure phosphine 
gas while using a 
technology, then should it 
be considered or eliminated 
by ANL? Will it be more 
difficult to monitor and 
measure with one 
technology than another, 
and should this factor be a 
part of the evaluation of an 
ETT? Much, if not all, of 


This independent review focused on ETTs that could be used to treat elemental phosphorus and not 
on measurement and monitoring of phosphine gas and other toxic gasses. The Review Team has 
noted that FMC and other elemental phosphorus manufacturers have used monitoring technologies 
and analytical methods. In particular, monitoring for phosphine and other toxic gases seems to have 
a precedent at the FMC site and at other sites. See the response to comment 39 below.  
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the ambient air an 
occupational monitor 
measuring ambient air and 
using methods that have 
never been properly 
validated obtained data 
used in the FS/SFS. There 
is no discussion on the 
possible effect this issue 
would have on the collected 
data and its analysis. For 
example, if any of the ETTs 
reviewed in the report were 
used at the FMC site, how 
could one be sure that 
phosphine and other toxic 
gases were not being 
released? Is the 
occupational monitoring 
and measuring protocols 
adequate for residential risk 
assessments? 


6 There is no mention of any 
bioremediation treatment 
ever being attempted nor 
was its feasibility 
considered for remediating 
phosphorous compounds at 
the site. Since it does not 
appear that ANL has a 
biologist or microbiologist 


It appears that this comment requires no change in the text. Argonne’s search of applicable 
technologies included potential bio-remediation tools. Argonne’s search included areas where P4 
remediation has been considered in the past.  Argonne found no cases where bioremediation was 
used at all and found no suggestion in the literature that bioremediation is a possible ETT worthy of 
further research. Intuitively, Argonne believes that bioremediation would not be successful, 
considering the reactive and ignitable properties of P4, even at low concentrations. 
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on their team, did ANL 
investigate or talk with 
other experts to see if 
injection of bacteria could 
work at the lower levels as 
an in situ remedial process? 


7 Page 9 (line 21) 
 
P4 analytical detection 
limit is not explained or 
provided, and did it change 
over time? 


It appears that this comment requires no change in the text. The Review Team is positing that P4, if 
present, would be present at concentrations ranging from above the analytical detection limit to 
nearly pure P4.  


8 Page 9 
 
The low temperature is an 
important point but values 
or ranges were not provided 
to the reader. 


This comment requires no change to the text. The temperature of the isotherm and the melting point 
of P4 are already called out in the discussion.  


9 Page 10 
 
Depth to railcars: is this 
figure correct or is it 
misleading, since the 
railcars are at ground level 
with material placed over 
them? In 2015, FMC 
moved between 20 [and] 
40 ft of stag (sic) from the 
top of the slag pile to other 
areas at the site. The railcar 
depths may no longer be 


Table 2-1 has been modified with a footnote to indicate the following: Since Table 2-1 was 
published (in MWH 2010), FMC has removed 20 to 40 ft of slag from the top of the slag pile 
to other areas at the site. 
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80 ft below surface.  
10 Section 2.2  


 
Is the CSM discussion 
complete? The issue of P4 
retention and the 
experiment would seem to 
fit in a data gaps section on 
the CSM (possibly a new 
section). See Major 
Comments, above, for 
additional needs in this 
section. 


Agreed. The discussion on the issue of P4 retention and the suggested bench- and pilot-scale studies 
(Pg. 9, Lines 32 to 36) will be moved to the discussion on in situ technologies in Section 5.1. 
 
Regarding the comment on preparing a new section to discuss the data gaps for the CSM, the 
Review Team has already discussed CSM data gaps as they relate to implementing ETTs, especially 
in the case of the in situ technologies. See how the Review Team responded to this comment in 
Major Comments above.   


11 Section 2.4 
 
“…Some of the remedial 
actions that were proposed 
(in the IRODA) informed 
the way the Review Team 
performed the evaluation of 
the ETTs.” This statement 
is not clear and needs to be 
more informative, possibly 
with an example.  
 
Section 2.5.2.3 
 
It would be beneficial for 
Argonne to state whether or 
not the Review Team found 
and reviewed any TCLP 


Agreed. Pg. 14, Lines 22, 23, and 24 text will be modified as follows: The IRODA is summarized 
here because some of the proposed remedial actions, including the groundwater pump and 
treat (P&S) system, informed the way the Review Team performed the evaluation of the 
ETTs. 
 
 
 
 
 
 
 
 
 
It appears that this comment requires no change in the text. The purpose of the LDR WTS was to 
generate a waste that would pass the LDR Universal Treatment Standards. TCLP data for stabilized 
product produced by the LDR WTS were reported in the multivolume report on the system. The 
Review Team examined the concentrations reported in, for example, Table 4.1-4, Characteristics of 
the Stabilized Product in Volume I. The LDR WTS documentation relates to treating both waste 
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testing. If so, what were the 
conclusions?  Supposedly, 
FMC did some TCLP 
testing. Thus, if the 
leachate fails TCLP, it 
should be noted that this is 
another RCRA issue. 


generated by active processes at the former FMC plant and sludge extracted from Pond 8S. Were a 
version of the LDR WTS to be used to address P4 wastes under a remediation scenario, there would 
be different waste acceptance criteria for the LDR WTS, and the TCLP would probably have to be 
repeated. 


12 Section 2.5.4 
 
The discussion of RCRA 
compared to CERCLA, 
including CAMUs, is 
interesting. Since the site is 
in EPA Region 10, does 
Region 10 have any 
guidance on this issue? 


Comment noted. 


13 Section 2.5.5 - RSLs 
(Remedial/Regional 
Screening Levels) 
 
ANL may be using RSLs 
improperly here because 
they are screening levels 
and not necessarily 
remediation concentrations. 
The RSLs are generally 
based on human health 
numbers for screening 
purposes only, and not 
necessarily remediation 
levels for soil 


It appears that this comment requires no change in the text. The Review Team has included this 
discussion to discuss cleanup levels in a relative sense, the thought being that in treating P4, one may 
need to do more than to remove the “reactivity” characteristic. The Review Team indicates that these 
levels “may” be applicable if and when one decides to actually implement a given ETT.  
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concentrations of a 
chemical, e.g., P4. Also, 
Region 10 does not have to 
recognize the Region 3 or 9 
concentrations as an ARAR 
because they are not 
necessarily applicable to 
the site. Mostly, 
clarification is needed in 
this section. 


14 Section 2.5.5.1 - SBT Soil 
Remediation Levels 
 
ANL quotes a portion of 
the IRODA that states that 
the Tribes’ Soil Cleanup 
Standards (SCS) “require . . 
. excavation and/or 
treatment of all buried 
elemental phosphorus on 
the Fort Hall Reservation. 
Among the Tribes’ stated 
goals in promulgating the 
SCS is restoring all land 
within the Reservation to 
its original state prior to the 
contamination that the 
standards are designed to 
address.”  ANL concludes 
from this statement [that] 
“It is clear that the 


The text will be modified as follows (Pg. 24, Line 33): It is clear that in some cases the Shoshone-
Bannock Tribes’ cleanup standard for P4 in soil would entail complete removal, which 
typically is interpreted to entail removal to the extent that no contaminant that is detectable 
when  using validated and approved analytical techniques. However, the SCS specifically 
provides in §1.1 that “The Tribes recognize, however, that there are situations where use of 
Commercial/Industrial Cleanup Standards rather than Unrestricted Use standards may be 
appropriate, or where attainment of the Cleanup Standards may be technically 
impracticable.” The Tribes also specify, however, that “The SCS do require soils that 
exhibit the characteristics of ignitability or reactivity to be treated to eliminate those 
characteristics, or else the soils must be removed from the site (Part 4).” Hence, it appears 
that the Tribes’ SCS would permit application of a cleanup standard other than complete 
removal of P4, as long as the remaining media would no longer exhibit the RCRA 
characteristics of ignitability and reactivity. This would entail developing a set of criteria 
that would establish a de facto definition of RCRA ignitability and reactivity, specifically 
due to P4 content, as well as an alternate numerical cleanup standard for media that 
contains P4 below RCRA ignitability and reactivity characteristic levels.  
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Shoshone-Bannock Tribes 
cleanup standard for P4 in 
soil would entail complete 
removal.”  However, 
EPA’s description of the 
SCS is inaccurate and 
incomplete, and ANL’s 
conclusion about the SCS is 
incorrect. 
 
The SCS specifically 
provide[s] in § 1.1 that 
“The Tribes recognize, 
however, that there are 
situations where use of 
Commercial/Industrial 
Cleanup Standards rather 
than Unrestricted Use 
standards may be 
appropriate, or where 
attainment of the Cleanup 
Standards may be 
technically impracticable. 
The Cleanup Standards 
provide alternatives for 
these situations, as 
discussed further in Part 3 
below.”  SCS § 3.1 
authorizes a facility owner 
or operator to petition to 
use the 
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commercial/industrial 
cleanup standards in lieu of 
the standards for 
unrestricted use.  Notably, 
the numerical SCS (Tables 
A-D) contain values for 
both residential and 
commercial/industrial use.  
Therefore, treatment to 
industrial standards may 
satisfy the SCS. 
 
The SCS also provide for 
alternative standards to be 
applied if the unrestricted 
use or 
commercial/industrial 
standards cannot be 
achieved due to technical 
impracticability (§ 3.2). In 
addition, and when 
appropriate, site-specific 
standards may be 
developed for some or all 
portions of the site (Part 4), 
and in a policy statement 
issued in February 2011 the 
Tribes’ Environmental 
Waste Management 
Program (“EWMP”) 
explained the general 
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procedures and bases for 
developing site-specific 
standards (“EWMP Policy 
for Setting Site-Specific 
Cleanup Standards under 
the Shoshone-Bannock 
Waste Management Act”). 
 
The SCS do require soils 
that exhibit the 
characteristics of 
ignitability or reactivity to 
be treated to eliminate 
those characteristics, or else 
the soils must be removed 
from the site (Part 4). The 
ANL Report discusses 
ETTs that would provide 
for such treatment or 
removal. 
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15 Section 5.1.1 - Thermal 
Treatment and Recovery. 
Thermal Conduction and/or 
Electrical Resistance 
Heating. 80 feet.  
 
It is very difficult to 
evaluate this ETT without 
detailed data as to where 
the P4 is located. This ETT 
also is not likely to remove 
other constituents (metals). 
Another big unknown is 
where the P4 would go 
besides along the hydraulic 
gradient, and the amount of 
P4 that would be removed 
versus the amount that 
would stay. The removal 
efficiency is unknown 
without testing. And again, 
this only accounts for the 
P4 and not the other 
contaminants that would 
not be removed by the 
process unless trapped or 
associated with the P4. 
Finally, even if the 
“original” P4 is removed 
after testing, the area will 
more than likely rebound 


Regarding the difficulty in evaluating this ETT without detailed data as to where the P4 is located, 
see the comment response on the CSM above. The July 1, 2014, Work Order bounded the review 
parameters as follows: 
 


 Extent of Review – The review will encompass ETT for elemental phosphorus, its chemical 
reactions, and byproducts in the soil at the FMC OU. Other contaminants or media will not 
be evaluated unless it is determined that they impact the efficacy of an ETT. 


 
As a result, the Review Team focused on technologies that could address P4. To address this 
comment, a sentence will be added on Pg. 36, Line 27 as follows: Inorganic hazardous 
constituents present would be brought to the surface along with the P4 mobilized by the 
heating method.  
 
A sentence will be added on Pg. 38, Line 7: Inorganic hazardous constituents present in the P4 
that could not be mobilized by the heating method would remain in the subsurface.   
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(be replenished) with more 
P4 after the original 
removal. This issue has 
been demonstrated and 
documented several times 
under the CERCLA order 
for Ponds 16S and 15 (and 
others). 


16 Table 5.1 - Thermal 
Treatment 
 
The Tribes appreciate ANL 
doing a technology 
evaluation table for each 
ETT, and it adds to the 
evaluation and readability 
of the report. There should 
be a statement as to the 
purity of P4 that might be 
recovered and possibly 
sold, although the sale 
probably would have only a 
small impact on the overall 
cost.  Also, there could be 
negative impacts if the 
“now” liquefied P4 moves 
in many directions without 
being able to be contained, 
possibly making the 
situation worse. 


Pg. 39: The discussion on overall advantages and disadvantages will be modified as follows: The 
purity of the P4 that would be recovered is unknown.  
 
Table 5-1 already includes a discussion on the need for containment in the section titled 
“Limitations.” 
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17 Section 5.1.2  Solvent 
Leaching  
 
While the report is 
primarily about P4, it 
would be important to 
mention other COCs which 
could be a limiting factor in 
using this technology since 
most other COCs would not 
be soluble in oils, etc. Cost 
and recovery would be 
high, but bacteria would 
flourish with some of the 
oils. Train tracks on site are 
a big plus for being able to 
deliver a solvent to the site. 
 


Pg. 38, Line 34: A sentence will be added as follows: Hazardous inorganic constituents present in P4 
would be soluble in water but only sparingly soluble in the organic solvents mentioned below. It is 
only slightly soluble in alcohol (C2H6O), ether, and benzene (C6H6).  
 
 


18 Section 5.1.3  Oxidation 
(with hydraulic barrier) 
 
One limitation missed in 
the discussion of the ETT 
(as well as of others, as 
noted above) is that other 
COCs were not mentioned 
and their removal is 
unlikely. A hydraulic 
barrier would have its own 
limitations. This 
technology is very good for 


It appears that this comment requires no change in the text. Of all of the in situ technologies 
discussed, oxidation (with a hydraulic barrier) has the greatest potential to address inorganic 
hazardous constituents, in that inorganic constituents could be brought to the surface along with any 
other P4 oxidative reaction products. 
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removal at groundwater 
depth, but some Remedial 
Units at the FMC site are 
not amenable to this 
technology (meaning this 
ETT would have to be used 
in conjunction with another 
ETT).  Another limitation 
would be getting a hot 
material (solvent) to 80 feet 
bgs.  


19 Section 5.1.4 - 
Containment Technologies 
 
Three examples of 
containment technologies 
are provided in the report. 
EPA Region 3 has led EPA 
in building barrier and 
slurry walls, some 50-80 
feet bgs. 
 
No mention is made of the 
possible effects of a 
containment wall i.e., 
stopping groundwater flow, 
backing it up so to speak.  
Also, buried piping and 
material would be an issue 
for containment in these 
areas, but see ex situ for 
facing those issues. 


Containment technologies are discussed in the context of being coupled with other ETTs in order to 
treat and remove P4 from the subsurface, not just contain it in the subsurface. The following changes 
will be made to Pg. 48, Line 21: ... containment system to isolate the treatment area, preventing 
both the solvent and the target compound from escaping and blocking groundwater flow 
into the treatment zone.  
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20 Section 5.2.2   Mechanical 
Excavation Technologies  
 
Page 54 cites Figures 5-3 
and 5-5 but they do not 
follow page 54. There is no 
information discussing 
ambient temperature below 
44 degrees C and its effect 
on the excavation. If the 
excavation were done at 
cold temperatures, would 
the hazards and exposure 
be minimized? 


Pg. 54, Line 1: A phrase will be added to the sentence as follows: … performing the excavation 
when ambient temperatures are below 30°C (or by controlling temperature in a temporary 
structure erected over the excavation site) and/or by keeping the white-phosphorus-bearing 
materials covered and saturated with water, while the off-gas from the excavation site could 
be captured and treated. 
 
Pg. 54, Line 4: The sentence will be modified to include a reference to the use of a temporary 
structure over the excavation site: The pyrophoric hazard could be mitigated by performing the 
excavation when ambient temperatures are below 30°C (or by controlling temperature in a 
temporary structure erected over the excavation site) and/or by keeping the 
white-phosphorus-bearing materials… 
 


21 Section 5.2.3  Cutter 
Suction Dredging 
 
This ETT appears feasible, 
but it captures the material 
without treatment. Most 
likely it would still be 
necessary to do some long-
reach excavator process. 


It appears that this comment requires no change in the text. Section 5.2 is titled “Ex Situ Excavation 
Technologies.” Discussion is included to the effect that in order for P4 waste to be treated by an 
ex situ technology, the waste would have to be excavated, stored, sampled, sized, and blended first. 
The Review Team has explicitly stated that the ETT in this case captures the material without 
treatment.  


22 Section 5.2.4  Thermal-
Hydraulic Dredging 
 
Again, dredging is a 
technology for removing 
the waste but not treating it, 
as noted in the report and is 
true for many of these 
technologies. 


It appears that this comment requires no change in the text. Section 5.2.4 is within Section 5.2, 
“Ex Situ Excavation Technologies,” so the response provided above is applicable.  
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23 Section 5.2.5  Excavation 
Methods Summary  
 
There is some speculation 
in the beginning of this 
section that could be 
lessened if the appropriate 
testing were conducted.  It 
would be necessary to 
remove (move) the slag to 
view the railcars and the 
material below the railcars, 
which may have leaked 
from the cars over time. 


Comment noted. 


24 Section 5.3 
 
Ex situ incineration is 
feasible. The difficulty at 
this site most likely would 
be the feed system, and 
how to accomplish it with 
minimal exposures. ANL 
calls it preprocessing. 
There is not a comparison 
between mobile and 
stationary incinerator 
systems. It is likely the 
mobile system would create 
fewer issues, but either 
could function well at this 
site. One problem may be 


It appears that this comment requires no change in the text. There is a comparison of on-site vs off-
site incineration on Lines 32 to 46 on Pg. 125 and Lines 1 to 31 on Pg. 126. The time to implement 
and treat waste is stated as requiring more than 10 years.  
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the amount of CO2 
released.  
The time to implement and 
treat waste is stated to take 
10 years. This value seems 
overly conservative and 
data are not provided to 
understand this value 
(i.e., feed rate of 
incinerator, treatment per 
day, depth of excavation, 
etc.). 


25 Section 5.3.2 
Drying/Mechanical Mixing 
 
Units of measurement need 
correction and clarification 
for the reader. Note 12,000 
gal is not 40,000 liters. The 
numbers in this section do 
not make it very 
understandable. Pounds of 
water on a railcar? For 
example, how many pounds 
of water can a railcar hold? 
Most railcars hold about 
200,000 pounds or 
100 tons, but older railcars 
may not hold that amount. 
In this instance weight is 
not as important as volume. 


Pg. 74, Line 13: The text will be modified as follows: …a railroad tank car containing 12,000 gal of 
liquid P4 (approximately 40,000 L, 170,000–175,000 lb)…   
 
The Review Team is repeating the information from the cited reference. Absent information to the 
contrary, the Review Team would like to retain the existing quantities and units of measure.  
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Page 78 Line 33 citing EPA 
RSL of 23 mg/kg which 
MAY be a target 
concentration. Since it is 
not a Region 10 value, it is 
probably wiser not to use it 
in this evaluation or to cite 
(clarify) it as a Region 9 
value when ANL uses it, 
even if that fact was stated 
previously. 


The Review Team will cite Region 9 as being the source of the RSL.  


26 Section 5.3.3 - A & W 
 
Page 8, top. P4 treatment 
done; is it possible to 
remove the metals with a 
lime precipitation process? 
Not stated. Answer yes. 
May be beneficial to state 
this aspect, as it is an 
advantage over a 
technology that does not 
remove or bind the metals. 
 
Page 84, 3rd paragraph. 
“...soils and residuals 
excavated from the FMC 
site…might make the mud 
still not be effective” is 
speculation because tests 
have not been done at the 


It appears that this comment requires no change in the text. The Review Team has noted in Section 
5.3.3.1 that residuals solids might contain heavy metals and that residuals solids would require 
additional treatment to meet RCRA LDR requirements, or on-site disposal in a RCRA CAMU 
(Pg. 82, Lines 8 to 16). 
 
 
 
 
 
 
 
 
It appears that this comment requires no change in the text. The Review Team is noting that low 
concentrations of P4 might impact the efficiency of the A&W mud still, which is reasonable given 
that the unit was tested at P4 concentrations of 20%. 
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Silver Bow site or at the 
FMC site. Unless you can 
show scientifically why, 
then it is speculation. 


27 Section 5.3.4 - LDR 
processes and the Waste 
Treatment System (WTS).  
 
Built but torn down and 
never used by FMC. See 
major comment on LDR. 


Comment noted. It appears that this comment requires no change in the text.  


28 Section 5.3.5 - Wet Air 
Oxidation 
 
This process may be 
difficult to control at the 
FMC site. It may be 
possible in certain areas of 
the site, but without testing, 
one can only show by 
theory. 
 
Solvent extraction in a 
vessel should explicitly 
state the vessel size would 
limit the process. 
 
Table 5-15 has a 
contradiction. The first 
description states that the 
ETT is “considered 


It appears that this comment requires no change in the text. FMC also determined that WAO 
technology would be difficult to operate at the site. FMC-related research went far beyond the theory 
stage.  
 
 
 
 
 
 
 
 
The reference to solvent extraction and solvents seems out of context. WAO is not a solvent 
extraction method. 
 
 
 
Table 5-15 does not include a contradiction. The Review Team notes that WAO is mature in the 
waste treatment industry, but that only a pilot-scale version has been assessed for treating P4.  
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mature” but only a pilot-
scale treatment has been 
done. Then the third 
description states, “lack of 
maturity of this method.” 
Many of the solvents that 
could be used have their 
own drawbacks. Testing 
with oils may be the first 
attempt at doing this type 
of extraction at a 
phosphorous site. If ANL is 
aware of other attempts, 
that should be noted in the 
report. 


29 Section 5.3.7 - Off-site 
Incineration 
 
It is unclear from the report 
whether there are other 
types of incineration 
available besides the rotary 
kiln referenced in this 
section. 


It appears that this comment requires no change in the text. When FMC performed a nationwide 
survey in the mid-1990s, incinerators and wastewater treatment facilities were surveyed. The Review 
Team does not know what types of incinerators were surveyed.  


30 Section 5.4 - Ex situ 
Disposal  
Pages  
 
Pg. 99-100 On-site disposal 
– ANL explains that, 
although the IRODA 


The Review Team has discussed disposal that would occur only after treatment to remove P4 to 
acceptable levels. The text on Pg. 100, Line 5, will be modified as follows: However, on-site 
disposal of residuals that remain after P4 has been removed to acceptable levels by treatment is 
examined herein.  
 
Argonne also disagrees with the Tribes regarding the assertion that “when P4 remains in the soil, due 
to its reactivity and ignitability, the exposure pathway cannot be minimized or eliminated.” Argonne 
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remedy of capping and 
cover is effective in 
reducing risks to human 
health and the environment 
when the exposure pathway 
is minimized or eliminated, 
“only rarely have these 
types of remedies been 
approved of for soil and 
debris that are reactive and 
ignitable, such as P4.” The 
Tribes comment that when 
P4 remains in the soil, due 
to its reactivity and 
ignitability the exposure 
pathway cannot be 
minimized or eliminated. 
Evidence of this problem 
abounds at the FMC site, 
where capped RCRA ponds 
continue to react and emit 
toxic phosphine gas and P4 
continues to make its way 
into the groundwater. 
 
ANL then states that 
capping and cover “are not 
presented in this document 
for soil and debris 
containing P4 above the 
cleanup level of 23 mg/kg,” 


maintains that once the reactive component of the P4 waste has been treated, even though some P4 
would remain in the waste, a well-designed and cared-for cover can effectively preclude migration 
of contaminants and can eliminate or at least minimize the exposure pathway. 
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which ANL identified in § 
2.5.5 as a soil remediation 
goal for P4. SBT supports 
ANL’s elimination of 
capping and cover of 
untreated waste as an ETT 
worth further exploration in 
its report, for the reasons 
stated above. 
 
Solidification/Stabilization 
is pretty much ignored 
basically because of the 
increase in size of the waste 
to then dispose of in a 
CAMU-like containment. 
The alternative should have 
been more thoroughly 
investigated regardless of 
the size or volume. 
Encapsulation was 
probably not considered for 
the same reason, plus it is 
energy-intensive; is that 
correct? It seems ANL 
would agree with this 
statement because in the 
first line under Section 
5.4.1.2 ANL states: 
“Disposal of treated waste 
and soils and debris…in an 


 
 
 
 
 
 
 
 
 
 
The Tribes also imply that stabilization, solidification, and even encapsulation could be used to 
address the P4-contaminated areas. Argonne disagrees with this implication. First, Argonne is 
unaware of any stabilization, solidification, or encapsulation technology that would be successful on 
contaminated media containing high or even moderate concentrations of P4. Noteworthy is the failed 
experience with in situ stabilization attempted at Tarpon Springs, Florida. One could dilute the P4 
with solidification and stabilization media so that the P4 would then be present only at very low 
concentrations, but Argonne believes that this “dilution is the solution” approach would be 
unacceptable from a number of different perspectives. More important, Argonne understood that its 
charge was to evaluate ETTs that would remove the P4 as the principal threat waste. Stabilization 
and solidification technologies, other than diluting the P4 with massive amounts of stabilization or 
solidification materials, would be ineffective for addressing anything other than treated materials 
from which the bulk of the P4 has been removed to acceptable levels. And here also, the purpose of 
the stabilization or solidification would not be to address the P4, but rather to address heavy metals 
or radionuclides that may remain within the treated residue. 
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on-site CAMU or 
CERCLA on site land 
disposal unit is applicable 
to FMC (the site).” Without 
treatability studies, it is 
difficult to know the 
approximate increase in 
volume with stabilization 
processes. Solidification 
would probably at least 
double the waste material 
for containment on-site. 
 
Section 5.4.2  Off-site 
disposal 
Creating a new off-site 
disposal facility has been 
done at other sites for large 
amounts of waste with 
reactive, radioactive issues 
and metal issues (e.g., Oak 
Ridge, TN).  
 


Saving money 
through on-site 
disposal could, in 
turn, accelerate the 
cleanup work at Oak 
Ridge National 
Laboratory and Y-12 
National Security 


 
 
 
 
 
 
 
 
 
 
 
 
 
The citation referenced by the reviewer appears to be describing an on-site disposal facility not an 
off-site disposal facility.  
 
The Review Team evaluated disposal (whether on or off site) assuming that the waste to be disposed 
of would first be treated to remove the P4-related hazards. Off-site disposal would be needed only to 
address any heavy metals or radionuclides that remain in the treated media.  
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Complex, said Laura 
Wilkerson, federal 
project director for 
the Y-12 National 
Security Complex in 
the Oak Ridge 
Office of 
Environmental 
Management. The 
new landfill, the 
Environmental 
Management 
Disposal Facility, 
would be built on 
Bear Creek Road 
west of the Y-12 
National Security 
Complex near 
another landfill that 
is already in use and 
has been operating 
since 2002.  The 
earlier 43-acre, six-
cell landfill is known 
as the Environmental 
Management Waste 
Management 
Facility. It has a 
capacity of 2.18 
million cubic 
yards—about 


 
 
 
 
 
 
 
 
 
 
 
 
 
The third bullet for the Overall Discussion of advantages and disadvantages in Table 5-20 will be 
replaced with the following language: 
 
The cost of transporting treated P4 waste to an off-site disposal facility would be high relative to the 
cost of on-site disposal of treated P4 waste.  
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872,000 pickup truck 
loads—and it is 
roughly 66 percent 
full. It’s expected to 
be filled by the 
remaining cleanup 
work at the East 
Tennessee 
Technology Park, 
also known as the 
former K-25 site, 
sometime around 
2023. (DOE) 


 
ANL states that this option 
would not be considered 
because of the high cost 
and other aspects.  Those 
types of statements should 
have not been placed in this 
document because of their 
speculative nature and the 
fact that costs were not 
supposed to be considered. 
Table 5-20 also lists as the 
first disadvantage that it 
would take many years; 
however that same 
disadvantage was not listed 
in other long-term 
remediation options. Thus 
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an unfounded bias seems to 
be part of this alternative 
evaluation. Indeed, a 
comparison is made to the 
interim IRODA: “The cost 
would be high relative to 
the cost of cap and cover 
options.” But ANL did not 
provide an evaluation of a 
cap and cover option and so 
has no independent basis 
for making this statement; 
instead ANL is accepting 
the IRODA’s value without 
doing its own analysis. The 
Tribes disagree with this 
approach and its use in this 
report, which is intended to 
be an independent review. 


31 Section 5.5.1 Piping 
Section needs more depth 
to it. 


Comment noted. 


32 Section 5.5.2  Railcars 
 
In May 2009 FMC 
commissioned MWH to 
complete the SFS 
Technology Screening 
Memorandum for Buried 
Railcar Evaluations for the 
FMC Operable. The report 


The memorandum mentioned in the comment is Appendix B of the Supplemental FS, which the 
Review Team has used as an assumed authoritative source for the following: (1) gathering 
information about the abandoned railcars and (2) drawing conclusions about the potential 
applicability of ETTs. The Supplemental FS has been cited in the Independent Review as 
(MWH 2010). To be more specific and address the noted comment, Pg. 110, Lines 41 to 43, will be 
amended in response to a detailed comment from the EPA about the same topic.   
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stated the buried railcars 
contained an estimated 
range of 200 to 2,000 tons 
of P4 sludge (depending on 
the amount of P4 in each 
railcar, as reported in 
Section 4.15.4 of the SRI 
Report).  The report cited 
the need to remove 300,000 
cubic yards of material to 
reach the railcars.  FMC 
has moved over 4 million 
cubic yards from the slag 
pile in 2014 and 2015. This 
report should be cited in the 
report when railcars are 
discussed.   


33 Section 5.5.5.5   
Applicability to FMC 
 
ANL states here (Pg. 113) 
“At a minimum, a more 
refined CSM is needed, 
including a better or 
complete understanding of 
the location, configuration, 
and condition of the 
railcars.” This is one of the 
instances in which 
weaknesses in the current 
CSM affected ANL’s 


Comment noted. See the response to a General Comment above. 
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analysis, as SBT notes in its 
general comments on the 
report. 


34 Section 6.2  Evaluations  
 
“…Whether the ETT is 
applicable to the FMC 
site…”: Since this is a site-
specific review as 
designated by the SOW, 
why did the Review Team 
state this point? 


The Review Team is merely restating language included in the SOW. 


35 Section 6.2.1  Ex Situ 
Excavation and Ancillary 
Technologies 
 
The Tribes disagree 
strongly with the reasoning 
(excuse) for the site being 
uncharacterized. Samples 
can be taken in a safe 
manner. The PRP has not 
allowed the Tribe to sample 
and they have not been 
forthright in trying to 
characterize the site. This 
issue arises in two different 
contexts in this section.  
First, on Pg. 119, ANL 
says, “Due to worker health 
and safety issues, site 


Comment noted. 
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investigators have strived 
to avoid collecting any 
samples that contain P4.” It 
is difficult to see how an 
investigation into 
applicable technologies for 
addressing P4 
contamination at a site 
would be viewed as 
adequate or complete when 
few or no samples of P4 at 
the site were collected.  
Second, on p. 123, ANL 
states: “Although the in-
situ ETTs are potentially 
applicable to the FMC OU, 
uncertainties pertaining to 
both the CSM and the in-
situ ETTs suggest that 
further consideration of 
these in-situ ETTs is not 
warranted because the 
subsurface remediation, no 
matter the ETT 
implemented, would be 
incomplete.”  It seems that 
if an adequate CSM were 
developed the subsurface 
remediation may not need 
to be incomplete, at least 
not in all areas. 
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36 Table 6-1   ETT Report 
Matrix 
 
11 out of 18 or almost 2/3 
of the ANL-reviewed 
technologies warrant 
further consideration for 
use in remediating the site. 
Also, some of the other 7 
ETTs may be considered if 
the testing and samples are 
collected and analyzed to 
develop a more complete 
CSM. 


Comment noted. 


37 Section 6.2.2   Ex situ 
Technologies 
 
Ex-situ incineration – FMC 
eliminated this option in the 
SFS because it involved 
waste excavation, but the 
ANL Review Team 
disagrees. The Review 
Team stated that excavation 
has been done in several 
instances at the FMC site, 
and furthermore, done 
without tents. Thus, why 
eliminate the technology 
for excavation reasons? 
The Tribes agree strongly 


Comment noted. 
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with ANL’s analysis of the 
issue and the technology, 
and note that this 
discussion is an illustration 
of how the SFS was flawed.  


38 Chapter 7 “ Primary “ 
Recommendations 
 
It is unclear why the word 
primary is used in the 
heading of this chapter. Are 
there other 
recommendations being 
made, that are not stated? 
Overall, this chapter is 
insufficient. ANL needs to 
be more critical as this 
report is supposed to be 
both a review and an 
evaluation. ANL has done a 
great job on a hard task. 
This chapter should be re-
written after the meeting 
and subject to comments 
and discussion. 


The Review Team will remove the word “Primary.” 


39 Major Point: Between 
Table 6-1 and the 
beginning of the 
Recommendations 
chapter, the Review Team 
has eliminated in situ 


There is no point in performing bench- and pilot-scale studies if the success of in situ treatment 
methods being tested cannot be measured. If the CSM could be refined to the point that an isolated 
and defined mass of P4 could be identified, it may be fruitful to perform a pilot-scale study to 
evaluate if a particular ETT can treat that isolated and defined mass of P4. Before proceeding, such a 
pilot-scale study would have to be preceded by bench-scale studies to address the uncertainties 
discussed in Section 6.2.1. Perhaps, by proceeding in such a step-wise fashion, investigators could 
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treatment without further 
pilot studies. In essence, 
this consideration has a 
basis, but there needs to 
be a caveat stating that if 
the CSM is revised and if 
the site is characterized 
more fully (especially the 
subsurface), then a re-
analysis of in situ 
technologies would be 
warranted. 
 
Use of mature technologies 
with a proven track record 
is agreeable to the Tribes. 
However, for certain parts 
of the site, some of the 
lesser-practiced and used 
technologies may be 
optimum after testing for 
remediation. 
According to the Shoshone 
Bannock Tribes’ Chairman, 
Blaine Edmo, “I am 
encouraged that this report 
does dispute the claims that 
there are no other 
technologies out there. In 
the past we were told that 
there were no other options. 


determine whether an in situ ETT has merit and, if so, scale up from the pilot scale as the 
presence/absence of P4 is defined in the remaining areas of the subsurface.  
 
 
 
 
 
 
 
 
 
 
 
It appears that there are technologies that can be used to measure and monitor phosphine gas. 
Phosphine gas measurement is particularly important when fumigating grain with some phosphide 
grain fumigants. Worker safety for fumigators requires an accurate monitoring device. Tube-type 
and direct reading electronic-type meters have been assessed in the past (with particular attention 
paid to monitoring in the IDLH concentration range; 50 ppm); see  
https://scholar.lib.vt.edu/ejournals/JPSE/v7/JPSEV7_1-9.pdf. Accuracy around dangerous 
concentration levels appears to be satisfactory. Vendors apparently manufacture equipment that can 
detect phosphine gas at concentrations well below and up to the IDLH level. For example, the RKI 
meter SP-205ASC can detect phosphine at concentrations as low as 0.3 ppm; see 
http://www.rkiinstruments.com/pages/sp205.htm. 
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I think this is encouraging, 
having at least 12 
technologies listed. We 
want to move quickly to the 
next step, to talk with EPA 
about Phase 2.” 
 
 
ANL was asked to look at 
technologies that warrant 
more considerations.  
However, the “elephant in 
the room” is the lack of 
proper environmental 
monitoring - weather, 
temperature swings, wind 
storms, the dust storms that 
shut down the highways, 
air quality monitoring, and 
the failure to have a proper 
conceptual model for the 
site. “We do not have 
enough information about 
the site. We need a table of 
studies that need to be done 
in Phase 2. We said that 
whatever is below the 
furnace it is just a guess.”  
 
Decision tree on ifs and the 
procedures is 


 
 
 
 
 
 
Draeger, Industrial Scientific, and BW Technologies also manufacture meters that can detect 
phosphine gas. So apparently, monitoring technologies exist to measure phosphine and provide for 
the management of phosphine-related risks. The Review Team will specifically note in the report 
that, in general, technologies do exist that can be used to monitor for phosphine gas. The monitoring 
technology would need to be matched with the ETT. However, implementation of any given ETT 
would require adherence to a health and safety plan (HASP). Monitoring is only one part of that 
plan. The HASP and any remedial action plans would have to address meteorological conditions and 
the potential for the off-site migration of contaminants. The Review Team focused on evaluating 
ETTs that can treat elemental phosphorus. It appears that there are technologies for monitoring and 
measuring phosphine gas should an ETT be implemented.   
 
 
 
 
 
 
 
 
 
 
Comment noted. Specificity and completeness are dependent upon what the remediation goals are 
and what ETTs are selected to achieve the remediation goals. The Review Team feels that this 
language, although it is generalized and simple, focuses on the key decisions that must be made 
before selecting remediation with an ETT. 
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oversimplified and was not 
requested in the SOW. It 
should either be removed or 
amended to include 
specificity and 
completeness.  


40 Chapter 8  Conclusions 
 
Most of the comments on 
the conclusions have been 
made elsewhere in the 
previous pages, including 
in the Executive Summary. 


Comment noted. The conclusions and executive summary are meant to be a summation of the report 
and thus include information contained throughout the report.  
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Appendix H contains Argonne National Laboratory’s (ANL’s) responses to the 
October 19, 2015, review comments received from the U.S. Environmental Protection Agency 
(EPA) on the Draft Report: Independent Review of Elemental Phosphorus Remediation at the 
Eastern Michaud Flats FMC Operable Unit near Pocatello, Idaho, September 2015. Note that 
page and line numbers referenced in this appendix refer to an earlier draft of this document. 
Italicized text indicates changes that were made in response to the comments received from the 
EPA. 
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Line 
Ref. EPA Comment ANL Review Team Response 


Global 1   1. The Draft report contains several statements 
pointing out that the Conceptual Site Model (CSM) 
is not well constrained because few borings have 
been advanced in areas of subsurface elemental 
phosphorous. EPA agrees and believes that 
important contextual information should be 
included when stating that the nature/extent of 
subsurface P4 has not been well characterized. The 
health and safety concerns that have discouraged 
boring through pyrophoric P4 are genuine, and 
thus additional characterization efforts would be 
very challenging. EPA requests that ANL describe 
specific examples or approaches for how 
characterization of the subsurface elemental 
phosphorous mass could be accomplished safely. 


Argonne assumes that EPA is requesting the inclusion of 
input on site characterization in this response, rather than 
inclusion of an amendment to the independent review report. 
Since site characterization is outside the scope of this 
Statement of Work, the Review Team only provides a general 
response here. The cleanup programs implemented at sites 
with significant site worker health and safety concerns, such 
as U.S. Department of Energy (DOE) and U.S. Department of 
Defense sites, are instructive in this case. At the Aberdeen 
Proving Ground (APG), the State of Maryland and APG staff 
are challenged with investigating sites contaminated with 
elemental phosphorus, chemical warfare agents (with both a 
dermal and inhalation hazard), unexploded ordinance, volatile 
organics, biohazards, radioactive components, and inorganic 
constituents. Over the tenure of the APG Installation 
Restoration Program, investigation efforts proceeded in 
phases, with a gradual reduction in risk and hazard 
management (personnel protective equipment [PPE] levels, 
hazard monitoring, air monitoring, explosive ordinance 
avoidance, decontamination requirements, etc.) as more was 
learned about the hazards associated with site 
characterization. For example, initial characterization efforts 
involved modified Level A PPE and may have involved 
remotely operated drilling equipment (see 
http://info.ngwa.org/gwol/pdf/880156108.PDF). As more 
was learned about site hazards, PPE levels were downgraded 
from Level A to B to C, air monitoring was modified, and the 
availability and rigor of decontamination teams were relaxed, 
for example. The DOE cleanup program involved developing 
an alternative and innovative approach for sampling in the 
interest of mitigating risks to remediation workers. For 
example, cryogenic drilling may be a viable approach to use 
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to characterize P4 in the subsurface (see 
https://frtr.gov/pdf/cryogenicdrilling_2.pdf). Cryogenic 
drilling could be coupled with flooding the borehole with an 
inert gas, while exploratory borings could be staged in a 
water-filled drop tank.  
 
The Review Team will acknowledge that the risks to 
investigator workers are/were genuine, but that, apparently, 
no attempt was made to refine the CSM using other than 
routine, intrusive sampling approaches.   


Global 2   2. ANL stated plainly during their September 21, 
2015, presentation to the Tribes and EPA’s Office 
of Superfund Remediation and Technology 
Innovation (OSRTI) that it substantially relied on 
the same data as other parties (i.e., EPA, FMC, and 
their respective consultants). ANL, however, 
arrived at different conclusions regarding a key 
issue: ANL believes P4 in soil can be safely 
excavated at the FMC Operable Unit (OU). ANL 
should make sure it clearly communicates that 
conclusion in the final report. 


The Review Team will make clear that a subset of the 
P4 waste can be safely excavated. Specifically, it appears that 
P4 waste can be safely removed from the historical ponds, 
since process knowledge can be used to appraise any risk to 
site workers, and since FMC has past experience in removing 
P4 waste from both the historical ponds and the so-called 
“RCRA ponds.” In the case of subsurface P4 present, for 
example, beneath the Furnace Building and within the 
abandoned railcars, the Review Team has communicated the 
fact that additional CSM refinement would be needed to even 
evaluate excavation and treatment technology (ETTs).  
 
The Review Team will include the following language in the 
Abstract, Executive Summary, and Summary and 
Conclusions.  
 
Abstract ES-2, Line 4: … was not refined enough to allow 
the Review Team to draw conclusions about using some 
of the ETTs to treat P4 waste in those areas. The 
readiness of an ETT for implementation varies 
depending on many factors, including stakeholder input, 
permitting, and remedial action construction 







 


 


H
-7 
 


 


Comment 
No. Pg. 


 
Line 
Ref. EPA Comment ANL Review Team Response 


requirements. Technologies that could be ready for use 
in the near term (within 1 year) include the following: 
mechanical excavation, containment technologies, off-
site incineration, and drying and mechanical mixing 
under a tent structure. Technologies that could be ready 
for use in the mid-term (1 to 2 years) include cutter 
suction dredging, thermal-hydraulic dredging, and 
underground pipeline cleaning technologies. 
Technologies requiring a longer lead time (2 to 5 years) 
include on-site incineration, a land disposal restriction 
waste treatment system, an Albright & Wilson batch 
mud still, post-treatment on-site disposal, and post-
treatment off-site disposal.  
 
Similar language will be added to ES-6, Line 42, and Pg. 137, 
Line 12:  
…then the Review Team concludes that several of the 
ETTs could be used in combination to treat only a 
subset of the P4 waste present at the site. Concerns 
about the health and safety of investigation site workers 
using the then-available investigation approaches 
prevented the collection of subsurface samples 
containing P4 from large areas of the site, including, for 
example, the railroad swale, the vadose zone beneath 
the Furnace Building, and the abandoned railcars. It 
appears that no attempt was made to experiment with or 
to use alternative characterization methods (such as 
modified PPE, nonintrusive techniques, remotely 
controlled sample collection equipment, cryogenics, 
etc.) as part of the investigation. As a result, the CSM in 
those particular areas is not refined enough to allow a 
full evaluation of ETTs and to allow the Review Team to 
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draw conclusions about the efficacy of the ETTs 
examined. However, in other areas of the site, for 
example, the historical ponds, process knowledge 
(information about the process waste stream discharged 
to the historical ponds), and the information gathered 
during both the CERCLA investigations and the RCRA-
related investigations, provide the information needed to 
determine whether or not the ETTs considered warrant 
further consideration for P4 in those areas.  
Similar language will be added to ES-6, Line 42, and Pg. 137, 
Line 12. 


Global 3   3. The report provides a list of ETTs for P4 that 
could be applied at the site. Recognizing that no 
one technology would be sufficient to … address 
all P4 in soil, the information would be more 
usable if ANL more clearly indicated where within 
the OU specific technologies might be most 
applicable and implementable. This would focus 
any follow-on work after Phase 1 on the most 
viable technologies. Perhaps to illustrate this, ANL 
could provide one or two examples of a 
combination of technologies that would 
substantially address P4 throughout the spatial 
extent of the OU. This might take the form of a 
‘compartment’ approach where one technology 
addresses one volumetric waste area and another 
addresses a different area to best match the waste 
and site characteristics with the technology’s 
strengths, and for each combination or technology 
indicate what amount of ‘completeness’ of 
excavation and treatment would be expected.  


The Review Team was asked to identify ETTs that “warrant 
further consideration” as stated in the Work Order. As stated 
in the response to Global Comment 2 above, the Review 
Team has tried to make clear in the Final independent review 
report that for a subset of the P4 waste present at the site, a 
number of ETTs warrant further consideration.  
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Global 4   4. EPA appreciates that ANL attempted to address 
relative cost; however, ANL did not use the most 
expensive 2011 FFS alternative as its comparison 
point. Perhaps it would be more informative to use 
more FFS alternatives as cost reference points to 
provide a range for the ETTs. That would provide 
more substance on expected costs rather than 
considering every ETT being greater than 
$81 million as is currently presented by ANL.  


See the response to General Comment 8. 


Global 5   5. ANL attempts to speak to the implications of 
RCRA throughout the document, including 
Corrective Action Management Units, Bevill 
Amendment/Exemption, and Land Disposal 
Restrictions both for off-site treatment and disposal 
and on-site treatment and (treatment residuals) 
disposal. Unfortunately, ANL’s discussion on 
RCRA is generally inaccurate, and some 
references to RCRA subsections are also incorrect. 
For example, in a number of places in the 
document, it indicates that that waste residuals 
could be treated to meet RCRA LDRs or managed 
as part of an on-site CERCLA remedy or in a 
CAMU. If subject to LDR ARAR requirements, 
short of an ARAR waiver, residuals [cannot] 
simply be managed in on-site CERCLA landfill 
without also meeting LDRs or alternatively CAMU 
treatment ARAR requirements (see for example 
Post Implementation Impacts summary on Pg. 87, 
Line 14, and on Pg.. 128). Instead of ANL 
spending time making voluminous corrections on 
RCRA throughout the document, EPA 
recommends that ANL make a simple statement 


Argonne acknowledges that EPA may interpret some of the 
RCRA implications discussed in the Draft report differently 
than Argonne. Argonne agrees to placing verbiage into the 
report that addresses RCRA complexity and potentially 
different RCRA interpretations of regulatory requirements. A 
paragraph will be added at Pg. 33, Line 36, as follows: 
 
While the FMC OU is a CERCLA cleanup site, the waste that 
may be produced as a result of active remediation at the site 
is subject to RCRA regulatory requirements. Wastes exhumed 
from the site become immediately subject to RCRA’s waste 
management requirements, as do facilities that may be used 
to treat or otherwise manage these wastes, and also residuals 
remaining if and when these wastes are treated in some 
fashion. As RCRA requirements are considered during the 
CERCLA ARAR process, it is imperative that RCRA 
requirements are adequately addressed in determining 
management requirements for wastes that are exhumed from 
the site and also for waste treatment residuals. In addition, 
and as allowed by CERCLA, EPA could, with adequate 
justification, choose to waive certain requirements through 
one of the statutory ARAR waiver approaches (see 
http://www2.epa.gov/superfund/applicable-or-relevant-and-
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early in the document (perhaps in the Guiding 
Principles section) saying that RCRA LDRs and 
requirements for Treatment, Storage and Disposal 
Facilities may be pertinent to some ETTs. ANL 
could further state that they assume these 
requirements could be met, or in the case of 
activities that occur physically at the Eastern 
Michaud Flats site EPA could choose to waive 
certain requirements through one of the statutory 
ARAR waiver approaches 
(http://www2.epa.gov/superfund/applicable-or-
relevant-and-appropriate-requirements-arars).  


appropriate-requirements-arars). Most notable of the RCRA 
requirements applicable to wastes that may be exhumed from 
the site and for treatment residuals are the RCRA LDR 
requirements, which are discussed frequently in this report. 
In accordance with these requirements, wastes determined to 
be hazardous must be treated in accordance with strict 
requirements before they can be land-disposed. RCRA LDRs 
and requirements for treatment, storage, and disposal 
facilities may be pertinent to some of the ETTs discussed in 
this report, in particular, those designed to remove the RCRA 
characteristics of ignitability and reactivity from the waste 
(i.e., address the P4) and also to address heavy metals that 
may be contained in remediation waste or in treatment 
residuals. 


Global 6   6. ANL’s connection of the IRODA’s definition of 
a CERCLA Principal Threat Waste (P4 exceeding 
1,000 mg/kg) has no connection to P4’s RCRA 
characteristic hazardous waste definition. ANL 
should note that no minimum P4 level in wastes 
has been established by EPA to define whether or 
not such wastes would be considered to meet the 
RCRA reactivity characteristic criteria. However, 
the RCRA consent decree required FMC to treat 
the P4 contaminated wastes by “permanently and 
irreversibly bonding the waste into the molecular 
structure of a solid product such that the treated 
waste will not undergo changes that cause it to 
release toxic gases in concentrations greater than 
0.3 ppm phosphine or 10.0 ppm hydrogen cyanide, 
or leach heavy metals-in concentrations greater 
than applicable LDR Universal Treatment 
Standards.” ANL may find the RCRA consent 


Argonne acknowledges that to date, the EPA has not 
established a minimum P4 level in wastes to define whether 
or not such wastes would be considered to meet the RCRA 
reactivity characteristic criteria. Argonne would observe that 
this same statement applies equally to the ignitability 
characteristic, as P4 present in wastes to a significant degree 
would render that waste both ignitable and reactive per the 
RCRA definitions of these characteristics. That said, Argonne 
believes that, should P4-containing soil and debris at the 
FMC OU be actively remediated, EPA and stakeholders will 
need to come up with a de facto definition of what would be 
considered the cutoff for ignitability and reactivity, 
specifically addressing P4 content. The treatment 
requirements laid out in the RCRA consent decree alone are 
insufficient as a definitive cutoff for P4 content and the 
RCRA characteristics of ignitability and reactivity. We note 
that simply defining phosphine and hydrogen cyanide 
emissions is inadequate as a definition for reactivity. These 
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decree requirement useful in identifying potential 
treatment goals in its assessment. Regardless, EPA 
asks that ANL include projections for each ETT on 
the extent/amount of treatment or removal, either 
qualitatively or quantitatively, based on 
information available to ANL (i.e., for excavation 
beneath the furnace building what extent of 
contaminated soil would reasonably be excavated). 


emissions are a function of many different variables, 
including temperature, atmospheric pressure, and soil 
moisture content, just to name a few. More important, these 
criteria also do not address ignitability. A more 
comprehensive definition is needed, preferably one that is 
quantitative as well as readily straightforward to implement 
(a simple analytical method). A simple concentration cut-off 
of P4 within wastes that may be exhumed is most desirable. 
This is needed to define what waste exhumed from the site 
will need to be actively remediated (i.e., treated), as well as to 
determine whether the LDR “deactivation” treatment 
requirement is satisfied. 
 
Argonne will clarify within the report the connection of the 
Interim Record of Decision Amendment’s (IRODA’s) 
definition of a CERCLA Principal Threat Waste 
(P4 exceeding 1,000 mg/kg) to P4’s RCRA characteristic 
hazardous waste definition. EPA also asks, however, that 
Argonne include projections for each ETT on the 
extent/amount of treatment or removal, either qualitatively or 
quantitatively, that would be needed. Argonne finds that it is 
difficult to fulfill this request without having first defined a 
level within the waste that would cause that waste (or 
treatment residual) to meet the RCRA definitions of 
ignitability and reactivity. The changes made in the Draft 
report are to add a new paragraph at the end of 
Section 2.5.2.2, as follows: 
 
Argonne notes that EPA has not established a minimum 
P4 level in wastes to define whether or not such wastes 
would meet the RCRA ignitability or reactivity 
characteristic criteria. Argonne’s connection of the 
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IRODA’s definition of a CERCLA Principal Threat 
Waste (a P4 concentration exceeding 1,000 mg/kg) is 
made in an attempt to establish a concentration for 
P4 in waste that would define that waste as RCRA 
ignitable and RCRA reactive. This is necessary because, 
if the P4 contaminated soil and debris at the FMC OU is 
to be actively remediated, a de facto definition of what 
would be considered the cutoff for ignitability and 
reactivity specifically addressing P4 content is needed. 
In addition, the RCRA LDRs for these characteristics, 
which specify a “deactivation” treatment requirement, 
would need to be satisfied, unless, as indicated above, 
EPA elects to waive these requirements through one of 
the statutory applicable or relevant and appropriate 
requirement (ARAR) waiver approaches. 
  
The RCRA consent decree required FMC to treat the 
P4-contaminated wastes by “permanently and 
irreversibly bonding the waste into the molecular 
structure of a solid product such that the treated waste 
will not undergo changes that cause it to release toxic 
gases in concentrations greater than 0.3 ppm phosphine 
or 10.0 ppm hydrogen cyanide, or leach heavy metals in 
concentrations greater than applicable LDR Universal 
Treatment Standards.” These treatment requirements, 
as laid out in the RCRA consent decree, are insufficient 
as a definitive cutoff for P4 content and the RCRA 
characteristics of ignitability and reactivity. Simply 
defining phosphine and hydrogen cyanide emissions is 
inadequate as a measure of reactivity. These emissions 
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are a function of many different variables, including 
temperature, atmospheric pressure, and soil moisture 
content, just to name a few; more important, however, 
these properties do not address ignitability. A more 
definitive definition is needed, preferably one that is 
quantitative as well as readily straightforward to 
implement (i.e., a simple analytical method). A simple 
concentration cutoff of P4 within wastes that may be 
exhumed is most desirable. Should the FMC OU be 
actively remediated at some point in the future, 
Argonne’s connection of the IRODA’s definition of a 
CERCLA Principal Threat Waste (a P4 concentration 
exceeding 1,000 mg/kg) to the RCRA ignitability and 
reactivity characteristics may be considered an interim 
starting point in the eventual establishment of a cutoff 
for P4 content for RCRA ignitability and reactivity (EPA 
1999). 


Global 7   7. Soil and debris at the FMC OU also contain 
radionuclides and heavy metals. ANL should 
clearly indicate metals and gamma radiation co-
contaminants co-mingled with P4 would need to be 
addressed ultimately with final disposition of 
residual materials. This in particular may add 
complexity and cost for off-site treatment or 
disposal even if ETTs address P4. 


The Review Team has noted that radionuclides and metals 
present in the waste would need to be addressed for the off-
site disposal option and for the on-site incineration ETT. Not 
mentioned is the fact that naturally occurring radioactive 
material (NORM) contamination is also relevant for an off-
site incineration ETT. Section 5.3.7.2 will be modified as 
follows (Pg. 101, Line 17): Performing a waste acceptance 
survey is outside the scope of this independent review. 
As indicated in the Case by Case Extension discussed in 
Section 5.3.7.1, the presence of NORM in the waste 
stream has, in the past, precluded some off-site facilities 
from accepting P4 waste. The Review Team has not 
determined if the NORM content would be an issue for 
off-site incinerators at the present time. However, the 
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NORM content of the P4 waste may add to the 
complexity and cost for the treatment of P4 waste and 
the off-site disposal of incinerator residuals. It is 
unknown whether waste residuals generated as part of a 
historical pond remediation program might now be 
acceptable at an off-site TSD facility.  
 
The review parameter overall discussion of advantages and 
disadvantages, Table 5-18 (Pg. 103), will be modified as 
follows: After initial treatment, additional treatment 
might be required to meet WAC at off-site disposal 
facilities. Both the initial treatment facility and any final 
off-site disposal facility may have to accept waste 
containing NORM. The NORM content of the waste may 
add to the complexity and cost. 


   General Comments (Gen.)  
1 Gen.  Suggest that ANL include a specific statement that 


this report is not a Feasibility Study and is not a 
review/critique [of] the existing RI, FS and EPA’s 
selected remedy in the Interim Record of Decision 
Amendment. 


The abstract, executive summary, Section 1.1, Summary of 
Issues at the FMC Operable Unit, and Section 8, Summary 
and Conclusions already summarize the impetus, intent, and 
the general content of the independent review. 


2 Gen.  EPA did not cross reference every citation in the 
text with the references found in Section 9. EPA 
asks ANL to ensure thorough citations of factual 
information throughout the text, and inclusion of 
those sources in Section 9. Additionally, ANL can 
assist EPA, the Tribes, and others with potential 
‘next steps’ for the FMC OU by including in its 
Response to Comments document a full list of 
references it reviewed or considered in its review, 
even if those sources were not directly cited in the 
report. In addition, EPA further requests that any 


The main assumptions that ANL has made are included as the 
guiding principles. Otherwise, the authors explicitly state if 
an assumption has been made. 
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assumptions ANL makes or uses to make 
determinations in their report be identified and 
provided in the report. 


3 Gen.  EPA would benefit from ANL insights regarding 
whether the focus of the application of ETTs 
should be on the high mass areas or the whole OU. 
ANL could then identify key CSM gaps 
introducing main ETT/combined remedy 
uncertainties that could be addressed through 
further characterization and interpretation. 


The focus on the application of ETTs is a decision best left up 
to the stakeholders. The Review Team agrees that there is 
insufficient information to remediate what is referred to here 
as “the high mass areas.” The Review Team also agrees that 
there is sufficient information to remediate P4 in other areas, 
such as areas where process knowledge can be used to 
characterize P4 waste and determine site worker hazards 
indirectly. However, there is a range of opinions among the 
four members of the Review Team on remediating other 
portions of the site. One member favors a status quo 
approach, that is, implementation of the remedy in the 
IRODA. One member feels much of the P4 in the historical 
ponds and in the RCRA ponds can and should be remediated. 
One member feels that only Pond 16S, a “RCRA pond,” or 
any RCRA pond that is actively emitting phosphine or 
damaging technology control features (liners, covers, piping, 
leachate recovery, etc.), should be remediated.  


4 Gen.  Language in the Executive Summary (ES) and 
throughout the report states that P4 waste is also 
present at the former FMC plant in waste disposal 
units that were permitted to operate under RCRA. 
This is not an accurate statement. A RCRA permit 
has not been issued for the FMC waste disposal 
units. The RCRA Ponds are being managed under 
RCRA Post-Closure Plans. FMC did file 


The text will be modified throughout to indicate that the 
“RCRA ponds are being managed under RCRA post-closure 
plans.”  
 
Pg. ES-3, Line 32, will be modified as follows: … waste 
disposal units that underwent closure under the 
Resource Conservation and Recovery Act (RCRA) and 
that are now being managed under RCRA post-closure 
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notifications and Part A permit applications to 
achieve interim status authorization for several 
hazardous waste TSD units. However, FMC did 
not obtain interim status for a number of the Waste 
Ponds subject to RCRA because the Part A 
applications submitted for those ponds were not 
timely. Failure to comply with applicable RCRA 
requirements was the basis for an EPA 
enforcement action that resulted in a Consent 
Decree that was entered by the court in 1999 
requiring the waste disposal units subject to RCRA 
to close.  


plans.  
 
Pg. 14, Line 7: Section 2.3 will be modified as follows:  
… waste disposal units that are being managed under 
RCRA post-closure plans. P4 waste is also present in 
portions of the plant that were not regulated under 
RCRA… 


5 Gen.  Language in the ES and throughout report states 
that that waste units subject to RCRA underwent 
closure prior to plant shutdown in 2001. This is not 
accurate. A number of the RCRA ponds were not 
closed until well after 2001.  


The modifications suggested for Global Comment 4 above 
will address this comment.  


6 Gen.  The Draft report contains several statements 
pointing out that the CSM is not well constrained 
because few borings have been advanced in areas 
of subsurface elemental phosphorous. EPA agrees 
and believes that important contextual information 
should be included when stating that the 
nature/extent of subsurface P4 has not been well 
characterized. The report should affirm that health 
and safety concerns, which have discouraged 
boring through pyrophoric P4, are genuine, and 
thus additional characterization efforts would be 
very challenging or, alternatively, describe how 
characterization of the subsurface elemental 
phosphorous mass could be accomplished safely. 


See the Response to Global Comment 2. 
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7 Gen.  The “overall discussion of advantages and 
disadvantages” of each ETT within the assessment 
tables (e.g., Table 5-3) contains a wealth of useful 
information. Each of the advantages and 
disadvantages should be “bulleted” or otherwise 
clearly delineated to make this information easier 
for the reader to digest.  


The Review Team will modify the noted tables and use 
bullets as suggested when the information can be summarized 
in that way. 


8 Gen.  Each ETT evaluated appears to have high cost as a 
disadvantage in the assessment tables. The phrase 
consistently used is “This ETT would likely 
exceed the $81.6 million net present value cost for 
Soil Alternative 4, the most expensive soil 
alternative evaluated in the Supplemental 
Feasibility Study (MWH 2010).” This statement 
neglects to recognize Alternatives 5 through 7, 
which were developed to varying degrees during 
and following the Supplemental FS process, are 
contained in the Administrative Record, and were 
presented in the September 2010 Proposed Plan. 
Alternatives 5 through 7 all included varying 
degrees of excavation and treatment using the most 
promising excavation and treatment technology, 
caustic hydrolysis. These alternatives have an 
estimated net present value cost of $405 million to 
$950 million, based upon high, medium, and low 
volume estimate assumptions about the (largely 
uncharacterized) mass of subsurface P4. ANL may 
choose to include Soil Alternatives 4–7 as cost 
comparison points for its ETTs. 


In the description of the review and evaluation parameters 
(Table 3-1), “Limitations,” a discussion will be added to the 
table with the following explanatory note: The Work Order 
directed the Review Team to not include CERCLA’s nine 
evaluation criteria, one of which is cost, as evaluation 
parameters. However, EPA and the Tribes agreed that cost 
could be included in the content of the review and evaluation 
parameter referred to as “Limitations.”  
In the text below Table 3-1, the following is included: 
Cost as a limitation factor has been included to allow a 
rough order of magnitude (OOM) comparison with the 
ETTs evaluated. The net present value (NPV) cost of 
Alternatives 5 through 7 in the September 2010 
Proposed Plan (which included excavation and 
treatment) is an estimated $405 million to $950 million, 
based upon high and low volume estimate assumptions 
about the (largely uncharacterized) mass of subsurface 
P4 (EPA 2010). Since some ETTs also involve 
excavation followed by treatment, the NPV determined 
for Alternatives 5 through 7 provides a comparable 
OOM estimate. 
 The Review Team will remove the noted language about the 
feasibility study from all discussions of advantages and 
disadvantages in each ETT table and include this language in 
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the review and evaluation parameters under limitations for 
each ETT as follows: The NPV estimate for Alternatives 5 
through 7 in the September 2010 Proposed Plan would 
be a comparable OOM estimate to implement this ETT.  


9 Gen.  Some ETTs include recovery of marketable 
elemental phosphorous and others do not. This is 
generally described in the report and assessment 
tables. EPA suggests that an additional table 
summarizing relative P4 recovery by ETTs would 
be helpful. 


Recovery rates for P4 waste would be waste-specific and 
technology-specific. Recovery rates for P4 are unknown, so it 
would be difficult to create a table summarizing relative 
P4 recovery by an ETT. 


10 Gen.  The Draft report clearly describes the uncertainty 
surrounding the specific retention (Pg. 13, Line 21) 
of liquid elemental phosphorous, and methods 
which could be used to constrain that uncertainty. 
However, the significance of this uncertainty when 
assessing different ETTs is not entirely clear. EPA 
suggests a table be developed which identifies 
ETTs where a reduction in uncertainty about 
specific retention would make a significant 
difference when implementing the ETTs. 


A portion of the discussion of specific retention on Pg. 13 
(Lines 24 to 46) will be moved to the section on in situ 
technologies to make it clear that uncertainties surrounding 
specific retention would only be applicable for the in situ 
technologies.  


11 Gen.  ANL seems to dismiss in situ technologies in its 
evaluation because the distribution of subsurface 
P4 is largely unknown for health and safety 
reasons. The implication is that in situ technologies 
might hold promise if the distribution of 
subsurface P4 could be characterized with a higher 
degree of certainty. Per ANL Table 6-1, there are 
no known successful in-situ P4 treatment examples 
of any scale ever successfully demonstrated. If 
there were any examples, it might better support 
the need to refine the CSM. This rationale 
underscores the importance of stating clearly 


In Section 6.2.1, the Review Team points out uncertainties 
about two different things: uncertainties about the CSM and 
uncertainties about the in situ technologies themselves. The 
Review Team did not mean to imply that in situ technologies 
would automatically hold promise if the CSM uncertainties 
were eliminated. In fact, during the September 21, 2015, 
presentation of the Draft independent review report, one 
member of the Fort Hall Tribal Council indicated that a 
heated injection well located at the west end of the Furnace 
Building was used to dispose of waste P4. An online database 
of wells was searched for a possible injection well(s) at the 
west end of the Furnace Building (Idaho Department of 
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whether or not subsurface P4 waste can reasonably 
be safely characterized. 


Water Resources 2015); however, the data in this source are 
only as recent as 1992, so the possibility of an older injection 
well could not be confirmed. The potential presence of a 
P4 injection well adds to the uncertainty about the 
contaminant CSM. In addition, on pages 122 and 123, six key 
in situ technology-specific uncertainties have been 
highlighted. These uncertainties are based on the best 
information available. 
 
In response to the comment about successful in situ 
P4 treatment examples: 
 
Table 5-1: Process maturity will be modified as follows: 
Mature for remediation of some waste. The potential 
application of the technology for P4 waste is conceptual 
only.  
Table 5-3: Process maturity will be modified as follows: 
Mature for broadly defined solvent leaching. Immature 
for use of food oils. Application of the technology to 
address P4 waste is conceptual only.  
Table 5-6: Process maturity will be modified as follows: 
Mature, but the technology has never been applied to 
P4 waste.  
 
The CSM suggests that P4 beneath the former Furnace 
Building exists as almost a single large mass. That 
contaminant CSM may or may not be true. The contaminant 
CSM is a key first step in even conceptualizing, let alone 
evaluating, in situ technologies. The Review Team will 
include the following language on Pg. 122, Line 3, after “best 
guess”: 
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The inferred contaminant CSM may or may not be true. 
The P4 may also have behaved like a dense nonaqueous 
phase liquid (DNAPL) and be present as DNAPL-like 
“ganglia”; blobs; and smear zones in a more 
widespread, dispersed contaminant mass than is 
depicted. Such a dispersed contaminant distribution may 
be more amendable to treatment using in situ ETTs. 
However, since there have been only limited attempts to 
characterize subsurface P4 because of investigation 
worker health and safety concerns, it is difficult to 
identify and evaluate in situ ETTs. 


12 Gen.  A Glenn Springs (Occidental Petroleum) site is 
described and used as an example (e.g., Table 6-1) 
in more than one part of the report, but its location 
is not provided. The location of each P4 cleanup 
site described or used as comparisons should be 
included.  


Pg. 29, Line 20, will be modified to reference Ducktown, 
Tennessee. The locations of other P4 sites are included in 
this summary.  


13 Gen.  The summary and conclusions state that “The 
Tribes favor the permanent removal and/or 
treatment of contaminants.” Yet information in the 
Draft report suggests that none of the ETTs will 
permanently remove or treat all contaminants. The 
Final report should indicate whether there is the 
potential to fully remove or treat the P4 to provide 
clarity on how well a remedy could be responsive 
to what the Tribes favor.  


Because the P4 cleanup level seems to be fluid, the Review 
Team discussed several potential P4 cleanup levels and/or 
ways in which the cleanup levels might end up being derived. 
As a result, the success of a treatment can only be discussed 
in a general sense. Whether or not a given ETT can fully 
remove or treat the P4 is included in the review and 
evaluation parameters. Also discussed in the review and 
evaluation parameters and in the discussion on each ETT is 
whether other constituents of concern like metals and 
radionuclides would need to be addressed post-P4 treatment. 
In addition, as discussed in the abstract, executive summary 
and main text, the Review Team believes that ETTs in 
combination could be used to treat a subset of the P4 waste 
present at the site, but not all of the P4 waste.  
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14 Gen.  ANL stated plainly during their September 21, 
2015, presentation to the Tribes and EPA OSRTI 
that it relied on the same data as other parties 
(EPA, FMC, their respective consultants); 
however, ANL arrived at different conclusions 
regarding a key issue: can P4 in soil be safely 
excavated? ANL concluded P4 could safely be 
excavated at the FMC OU. ANL should make sure 
it clearly communicates that conclusion in the 
report. It would also be helpful if ANL gave a few 
specific examples of divergence on the excavation 
safety issue (e.g., is it practical to use temporary 
structures to contain and manage combustion 
gases?). 


In Section 4, Lines 10-13, the Review Team states, as a 
guiding principle: 


• It appears that technologies to safely excavate, size, 
create waste feed materials, and temporarily store 
P4 waste in preparation for treatment in a 
“downstream” ETT exist (hereinafter, these are 
called “ancillary technologies”). 


 
The following language will be added on Pg. 34, Line 9: In 
reference to a key issue — whether P4 can be safety 
excavated — the Review Team arrived at different 
conclusions than other parties. On the basis of a review 
of information, it appears that a subset of the P4 waste 
present at the site can be safely excavated. There 
appears to be a history of sludge removal from the 
ponds at the FMC plant. In the FMC response included 
in Appendix E of the independent design review report, 
there are several references to excavation. Appendix E 
describes both dredging and mechanical excavation 
activities involving Ponds 8s, 8e, and 9e, Pond 15s, and 
Pond 18. Furthermore, the LDR WTS was designed to 
treat sludge dredged from Pond 8s. The Pond 8s dredge 
was designed as a component of the LDR WTS. In an 
EPA-authored reference, reclamation processes 
consisting of excavating pond materials is described as 
having occurred at historical Ponds 1s, 2s, 3s, 9s, 2e, 
and 4e (EPA 2003).  
 
The excavation of P4 is also addressed at other P4 
plants. The Clarifier Treatability Study Phase 3 Report 
on the Rhodia/Solvay Site, Silver Bow, Montana (which 
was not available when the IRODA was prepared) 
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contains a description of the removal of clarifier sludge 
from the clarifier by use of a Cat 320 excavator 
(Franklin Engineering Group 2012). Also of interest is a 
description of mechanical excavation in the Phase 1 
report on the same Rhodia/Solvay clarifier. 
“Conventional earth working equipment, such as 
tracked excavators, back hoes, and clam shells, can be 
used to excavate the solidified sludge and transfer it to a 
shipping container or processing system. With careful 
operation, the phosphorus can be transferred with a 
water cover in the bucket to minimize mass burning” 
(Franklin Engineering Group 2007). 


15 ES-2 4 Timeframes are attached to “readiness” of various 
technology groups (i.e., within 1 year, 1–2 years, 
etc.). It is not clear where these numbers came 
from or what is being referred to as “readiness.” 
While the document acknowledges that 
“readiness” depends on many factors, including 
stakeholder input, permitting, and remedial 
construction requirements, it underestimates the 
administrative process and time necessary for any 
of these technologies to be “ready” to implement at 
the FMC site. Further, the CERCLA permit 
exemption would apply to CERCLA cleanup 
activities at the FMC OU and thus should not be 
included in the “readiness” calculation. In addition 
to the factors listed, the report indicates that all 
ETTs will require additional site characterization 
and engineering designs. The report should provide 
how these estimates were developed and what 
impacts the “readiness” estimates have for 
different technologies. Do some have a longer 


The Review Team agrees that the concept of “readiness” 
needs to be discussed further in the independent review 
report. The EPA notes that the independent review report 
underestimates the administrative process and time necessary 
for these technologies to be ready, while noting that the 
permit exemption would apply to CERLCA cleanup activities 
(which would speed up remedy implementation). While it is 
true that CERLCA permit exemptions apply to CERCLA 
cleanup activities, given the stakeholder involvement at the 
site, the administrative component needed to come to an 
agreement on any remedy different than the IRODA would 
likely involve a long lead time. In addition, the CERCLA 
permit exemption would not apply for ETTs with an off-site 
component.  
 
Pg. 136, Line 6, will be amended as follows: After “in 
Table 7-1”: 
 
Readiness in this case is an estimate based on best 
professional judgment. The timespans noted for 
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“readiness” time because additional research and 
development is required? Suggest putting specific 
duration estimates for major process steps to give a 
more accurate picture of the full time horizon to 
implement these various ETTs. For example: 
 


• CSM refinement – X to Y years 
• Treatability/pilot testing (if necessary) – X 


to Y years 
• CERCLA remedy evaluation and selection 


process, including public input – X to Y 
years 


• Remedial design – X to Y years 
• Contract procurement and remedial action 


work plan development – X to Y years 
• Remedial action implementation – grouped 


or listed with “X to Y years” estimates for 
each ETT 


readiness are most useful when comparing ETTs to each 
other in that some ETTs probably require more 
preparation time before implementation than others. 
The accuracy of the timespan estimate is best for the 
“near-term” readiness category. For example, the near-
term category (within 1 year) is estimated to be correct 
for technologies with real-world examples that are 
available currently. By way of example, as noted in the 
text, P4 waste from FMC and other sites has been 
mechanically excavated, containerized, and shipped off 
site for treatment in an off-site incinerator. Accuracy 
decreases for the mid-term and the long-term readiness 
category. ETTs that could be readied in the mid-term 
would require a longer preparation time because the 
ETTs (dredging or the pipe cleaning technologies) 
would likely require a water component involving 
modification and operation of the P&T system (to 
provide access to a water source) and preparing 
containment features to allow for the excavation 
footprint to be flooded. ETTs in the long-term readiness 
category are assumed to require a longer lead time to 
address design and approval requirements and waste 
acceptance criteria.  


16 ES-2 20 The interim ROD Amendment issued in 2012 was 
for the FMC Operable Unit only, not the Eastern 
Michaud Flats Superfund site. 


The Work Order to ANL included a mention of both Eastern 
Michaud Flats and the FMC OU. Any reference to the 
Eastern Michaud Flats Superfund site will be modified to 
include a mention of the FMC Operable Unit. 


17 ES-2 22 The 2010 RI/FS should be identified as the 
Supplemental RI/FS to avoid confusion with the 
RI/FS completed in 1998. 


The text will be changed as follows: Supplemental Remedial 
Investigation Feasibility Study – Supplemental RI/FS and/or 
Supplemental FS.  


18 ES-3 27 In paragraph 2, and in several other places in this 
report, the statement is made that the buried 


The Review Team did rely on Appendix B of the 
Supplemental FS. Language in Section 5.5.2.1 will be 
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railcars are suspected to contain nearly pure P4. 
This is not consistent with documentation available 
in the administrative record. All documentation 
that is available on the location and potential 
disposition of the railcar(s) is summarized in 
Appendix B of the Supplemental FS and should 
be referenced. There is no evidence in the 
administrative record as to the condition or content 
of the railcars when buried. ANL may choose to 
identify disagreements between the [administrative 
record] and other information sources on this topic; 
however, sources should be cited. In addition, this 
point was also challenged by the Tribes at the 
Tribal Business Council meeting by a tribal 
member who is a former FMC employee. 


changed as follows: 
Twenty-one railroad tank cars are present in RU 19c, which 
is about 2.7 acres in size and is located in the center of the 
slag pile (RU 19). The railcars were placed at the then-
southern edge of the slag pile in 1964 and were covered with 
native soil. The amount and purity of the P4 sludge 
present in the railcars are uncertain. As reported in 
Appendix B of the Supplemental FS, the sludge was 
nearly pure (95% P4), and the capacity of the railcars 
was 10% to 25%. Here is language from Appendix B of 
the Supplemental FS:  
 
“1.3.3 Description of P4 Sludge Generation and 
Management 
P4 was typically very pure, white phosphorus. However, 
due to a number of process variables, ore, silica and/or 
coke dust, along with other condensables would pass 
through the electrostatic precipitator in trace amounts 
and end up with the liquid P4 product. These insolubles 
would rise to the top of the liquid P4 as it was stored in 
a liquid state and eventually concentrate to form what 
was referred to as P4 sludge. The sludge typically ranged 
from 75 to 95% P4. The P4 sludge was much more 
viscous and would not easily pump from the sumps and 
tanks. Therefore, over time P4 sludge would build up 
within the storage vessels and railcars.” 
 
And as reported in Section 2.2.2 of Appendix B:  
“2.2.2 Contents of the Railcars 
As described in Section 1.0, it is expected that the 
railcars contain about 10 to 25% of their total capacity 
as P4 sludge. However, it is not known if the railcars 
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were filled with water or nitrogen prior to 
transportation to the slag pile area for burial.” 
 
Ironically, the information in Appendix B of the Supplemental 
FS conflicts with the information that summarizes the 
contents of the railcars in the main body of the same 
Supplemental FS report: The Supplemental FS reports in 
2.3.3.4 Railroad Cars in Slag Pile (RU 19c) “that the 
railcars contain an estimated 10 to 25% P4 sludge.” Also 
included in the main body of the Supplemental FS is the 
following: “Summary of Pertinent SFS Information for RU 
19c:  


• P4 concentrations of the sludge within the railcars 
range from 10 to 25%”  
 
It appears that the main text of the Supplemental FS 
transposed the percentage of capacity and the percentage of 
purity.  
 
Sludge resulted from both the manufacturing process and 
from shipping P4 in railcars…. 
 
Any reference to pure or nearly pure P4 will be changed to 
“concentrated” or “potentially highly concentrated.” 
 
Pg. 113, Line 19, will be modified as follows: The conflict 
regarding the relative purity of the P4 present in the 
railcars (25% vs 95%) is another uncertainty that could 
be resolved if the abandoned railcar CSM is refined in 
the future  
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19 ES-3 28 The document states that “elemental phosphorus in 
various forms may have affected the native soils at 
the site.” There is direct evidence that P4 has 
indeed impacted native soils. 


“May” will be changed to “has.”  


20 ES-3 34 The assumption regarding obtaining all water from 
the groundwater pump-and-treat system may not 
be accurate due to treatment volumes and water 
right issues. The extraction and treatment rate 
target will be established during Remedial Design; 
600 gpm may be a reasonable assumption. ANL 
should indicate about how much water would be 
needed for each technology. 


The amount of water required for each technology is 
unknown. The Review Team has inferred that a 600-gpm 
flow would probably be sufficient to be incorporated into a 
phased excavation approach, wherein water could be used to 
flood a portion of a historical pond footprint in order to allow 
hydraulic dredging to occur, for example.  


21 ES-3 35 The statement is made that the review team did not 
evaluate impact of the RCRA ponds on potential 
“implementability” of the ETTs. ANL should 
make sure the Phase 1 Independent Review scope, 
and the intentional ‘exclusion’ from the ANL 
Phase 1 work, is clearly communicated for the 
reader, preferably in the beginning of the 
document. 


On Pg. ES-3, Lines 35 and 36, the Review Team states that 
the independent review did not focus on the closed disposal 
sites that were regulated under RCRA. The reference to the 
ability to implement is included in the independent review 
because the Review Team did not evaluate moving, or 
shoring up, a RCRA pond in order to gain access to a 
historical pond.  


22 ES-4 28 ANL should provide and discuss their rationale for 
determining that the location, quantity, and 
concentration of P4 in the soil and fill throughout 
the OU in 2015 present the same or different 
hazards than the original manufacturing process 
where conditions were somewhat controlled. It 
may be useful if ANL reviews and refers to how 
this issue was documented in the Supplemental 
FS, particularly if ANL has arrived at different 
conclusions. 


The Review Team makes this statement because documents 
examined by the Review Team suggest that during routine 
P4 manufacturing operations activities somewhat similar to 
the tasks required for remediation workers were performed. 
Furthermore, during the presentation given by the Review 
Team to the Tribes on September 21, 3015, attendees at the 
meeting who worked at the former FMC plant indicated that 
some activities performed by plant workers would probably 
be similar to the activities required for the performance of site 
remediation. For example, surface impoundments containing 
P4 waste were periodically excavated or dredged, and railcars 
containing P4 and P4 sludge were periodically cleaned out.  







 


 


H
-27 
 


 


Comment 
No. Pg. 


 
Line 
Ref. EPA Comment ANL Review Team Response 


23 ES-5 38 Based on the information presented throughout the 
report, all ETTs would present significant safety 
and cost issues. Suggest that the report describe in 
greater detail what makes these issues even more 
of a concern for in situ technologies. 


The language on Pg. ES-5, Line 38, will be altered as 
follows: The significant cost and safety issues would 
primarily be associated with the need to refine the CSM 
and to perform bench- and pilot-scale studies.  


24 ES-6 1 This last sentence seems to be in conflict with 
other statements throughout the document that 
indicate several ETTs warrant further 
consideration despite the acknowledged 
uncertainties with the CSM. 


The noted sentence is referring to the abandoned railcars.  


25 ES-6 9 It seems that all of these ETTs would need to be 
coupled with other technologies, not just 
“containment technologies.” 


Pg. ES-6, Line 7: The phrase “coupled with other 
technologies” will be removed.  


26 ES-6 35 It would be helpful if the report included more 
specific information about the potential impacts to 
community health and safety, the environment, 
schedule, and costs. 


The Review Team includes information about potential 
impacts to community health and safety and the environment 
in the discussion about each ETT in the tables documenting 
review and evaluation parameter results.  


27 1 10 The ANL report states: “Operating from 1949 until 
2001, FMC (or predecessor P4 manufacturers) 
processed about 1.4 million tons of shale ore per 
year, about 250 million lb of P4 per year, and more 
than 26,455 lb per year of ignitable and reactive 
hazardous waste (Figure 1-1). The FMC plant 
closed in 2001.” This appears to be orders of 
magnitude lower than the amount cited in some of 
the reference documents, and even ANL Table 2-1. 
Is the waste generation rate on Page 1 a typo? 
Please cite and verify the P4 waste mass generation 
figure. For example, the EPA 2003 report on 
treatment technologies indicates in Table 1-1 the 
historical ponds alone contain nearly 108,000 
cubic yards of “phossy waste” that was placed 


The values in the section came directly from the July 1, 2014, 
Work Order prepared by EPA and the Tribes (in deference to 
EPA and the Tribes). These values are somewhat similar to 
values noted in the FMC Idaho web site, which reports that in 
a typical year, with all furnaces operating, 1.75 million tons 
of raw shale/coke and silica were processed into 250 million 
pounds of elemental phosphorus (see http://fmc-
idaho.com/plant-history/). The Review Team will modify this 
discussion (retaining the 1.4 million ton reference, since this 
is the amount of shale ore processed, not shale ore/coke and 
silica) and will make clear that the product P4 was produced 
at a rate of 250 million lb/year. The Review Team will 
remove the reference to 26,455 lb/year of ignitable and 
reactive waste, as that value cannot be corroborated with a 
reference.  
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1954-1981. Using an assumed density of 1.4 tons 
per cubic yard, this would be over 11 million 
pounds of phossy waste per year. Supplemental RI 
Report (FMC 2009), Table 4-2 is another good 
resource and is more comprehensive than the EPA 
2003 report. If the waste generation per year was 
orders of magnitude more than ANL cited, it may 
be necessary to revise the ETT report to reflect 
waste volumes requiring excavation or treatment 
and the corresponding ETT assessments to reflect a 
much larger waste stream.  


 
Pg. 1, Lines 9–12, will be replaced with this language:  
 
Operating from 1949 until 2001, FMC (or predecessor 
P4 manufacturers) processed about 1.4 million tons of shale 
ore per year, produced 250 million lb of P4 per year, and 
generated about 1,360,000 tons of hazardous waste per year 
(FMC 2000) (Figure 1-1). The FMC plant closed in 2001.  


28 2 32 The technical team has experienced professionals 
with various areas of expertise, including 
hydrogeology, geochemistry, and warfare agents. 
The team would have been greatly enhanced with 
an inorganic chemist or chemical/munitions 
engineering discipline with specific experience 
with P4 who could focus strictly on the 
P4 treatment/neutralization options. If this 
expertise was missing from ANL’s team, it would 
be useful if ANL indicated whether bringing this 
expertise forward for potential follow-on activities 
would be appropriate. 


The Review Team includes a PhD geochemist: Dr. Jim 
Jerden. In addition, as it happens, the Review Team includes 
Todd Kimmell, Senior Scientist, Argonne. Mr. Kimmell has 
participated in a number of National Research Council 
committees (as both a participant and as a chairman) involved 
in chemical weapons demilitarization. Mr. Kimmell worked 
on a remedial investigation/feasibility study of a P4 disposal 
site. The Work Order specifies that there is no commitment 
by stakeholders for the involvement of ANL in follow-on 
activities.  


29 9 21 “Since P4 oxidizes almost instantaneously upon 
exposure to air (except at low temperatures), red 
phosphorus and, in some cases, compounds 
containing phosphorus are also present.” This 
sentence does not  make sense. Suggest revising to 
clarify the point.  


The language in Lines 20–23 will be changed to: The P4 
that is present in the soil at the site could be 
encountered at various concentrations, ranging from 
just above the analytical detection limit to its nearly 
pure state. Since P4 oxidizes almost instantaneously 
upon exposure to air (except at low temperatures), 
oxidation by-products, such as red phosphorus and, in 
some cases, phosphate minerals, are probably also 
present.  
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30 9 26 Location of the buried railcars is RU-19c not 22c. 
Also, the content of the railcars and how they came 
to be located in the slag pile should be based on 
cited references. ANL may also choose to qualify 
this information, as there may be a different 
understanding among EPA, the Tribes, and FMC 
regarding the history and nature of the railcar 
waste. 


The RU designation and the information source will be 
changed/added for RU 22c as follows: The buried railcars 
in RU 19c are reported to contain P4 sludge with 
concentrations ranging from 75% to 95%, as reported 
in Appendix B of the Supplemental FS, or P4 sludge 
concentrations ranging from 10% to 25%, as reported 
in the main text of the Supplemental FS (MWH 2010).  


31 10 1 Table 2-1: Please provide a source for all 
information (mass, concentration, depth) in this 
table.  


The source for Table 2-1 is the following: MWH 2010, 
Supplemental Feasibility Study Report for the FMC 
Plant Operable Unit, Vol. 1, Report, for FMC Idaho LLC, 
Pocatello, Id., July (see 
http://www.epa.gov/region10/pdf/sites/ 
emichaud/fmc_sfs_report_july2010.pdf).  
 
Pg. 10, Table 2-1, will be modified as follows to provide the 
table source: Supplemental FS MWH 2010.  
 
A row will be modified in the table to indicate that the railcar 
RU is 19c, the acreage is 2.7 acres, and footnote b will be 
modified to indicate the following: Appendix B of the 
Supplemental FS reports a percent concentration ranging 
from 75% to 95%.  


32 10 2 Include subtotal of area and volume for groupings 
of similar wastes, then a grand total. That will help 
the reader see the quantity of waste against which 
ETTs are compared. FFS (2010) Pg. 6-7 says 
780,122 cy, with 5,050–16,380 tons of P4. 
 


Pg. 9, Line 39, will be amended as follows: The distribution 
of the P4 waste present at the site is roughly as follows: 
About 10,870 tons of P4 waste with P4 concentrations 
ranging from 0.25% to 20% are present in about 
482,224 yd3 of fill. The more concentrated P4 waste 
present in the capillary fringe, the railcars, and 
underground piping contains about 7,500 tons of P4 
waste with P4 concentrations greater than or equal to 
20% present in 2,800,000 yd3 of fill. A figure depicting 
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this breakdown will be added to the text as well. Figure 2-2 
depicts the mass of P4 present in the historical ponds 
and railroad swale in relation to the mass of P4 present 
in the railcars, piping, and capillary fringe. Existing 
figures will be renumbered accordingly.  


33 13 5 It would be useful to have a better word describing 
the magnitude of the temperature than “much 
warmer.” 


Text on Pg. 13, Lines 4 and 5, will be modified as follows: 
Since molten slag was periodically tapped from the 
electric arc furnaces and drained to a slag pit, any P4 
that escaped from the Furnace Building was probably 
warmer than the melting point of P4 (FMC 2009) 


34 13 8 Do we have a model estimate from previous 
reports? 


The text in Pg. 13, Line 8, will be modified as follows after 
capillary fringe: The 44°C isotherm was modeled by 
investigators (FMC 2009). Presumably, the depiction of 
P4 subsurface presence and migration in Figure 2-4 is 
based on that model.  


35 14 1 The first two sentences are confusing and 
misleading. The Bevill amendment/exemption 
from RCRA regulation process wastes from the 
beneficiation of minerals and ores. The Bevill 
exemption for waste generated during the 
production of P4, except furnace off gas solids, 
ended on March 1, 1990. The exemption for 
furnace off gas solids ended on July 23, 1990. 
Upon the lifting of the Bevill exemption, 
beneficiation wastes that were hazardous waste 
were subject to RCRA regulation. Exempt wastes 
disposed of prior to the lifting of the Bevill 
exemption would not be subject to RCRA 
(provided not subsequently managed in a way that 
triggers RCRA) but can be and are being addressed 
under CERCLA. Again, no permit was issued for 
FMC waste disposal units. Failure to comply with 


Argonne agrees that the first two sentences of this paragraph 
may be misleading in light of the Bevill amendment and 
exemptions. This section has been rewritten to report that 
portions of the site are regulated under RCRA post-closure 
plans, and portions of the site are regulated CERLCA, as 
amended. A footnote is added at the end of the second 
sentence as follows: 
 
The former FMC plant is regulated under both RCRA, 
as amended, and CERCLA, as amended. P4 waste is 
present at the former FMC plant in waste disposal units 
that are being managed under RCRA post-closure plans. 
P4 waste is also present in portions of the plant that 
were not regulated under RCRA (hereinafter called non-
RCRA areas) but that are regulated under CERCLA, as 
amended. This independent review did not focus on the 
closed disposal sites that are regulated under RCRA 
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applicable RCRA requirements was the basis for 
EPA enforcement action that resulted in a Consent 
Decree that was entered by the court in 1999 
requiring the waste disposal units subject to RCRA 
to close. 


post-closure plans. In some cases, the closed RCRA 
units are on top of or adjacent to the non-RCRA areas 
(Figure 2-5). The Review Team did not evaluate whether 
or not the proximity of the non-RCRA areas to the 
closed disposal sites regulated under RCRA would affect 
the ability to implement the ex situ ETTs discussed in 
this independent review. 
 
RCRA regulation of process wastes from the 
beneficiation of minerals and ores is affected by the 
Bevill amendments and exemptions. The Bevill 
exemption for waste generated during the production of 
P4, except furnace off-gas solids, ended on March 1, 
1990. The exemption for furnace off-gas solids ended on 
July 23, 1990. Upon the lifting of the Bevill exemption, 
beneficiation wastes that were hazardous waste were 
subject to RCRA regulation. Exempt wastes disposed of 
prior to the lifting of the Bevill exemption would not be 
subject to RCRA (provided they are not subsequently 
managed in a way that triggers RCRA) but can be and 
are being addressed under CERCLA. (See 
http://www3.epa.gov/epawaste/nonhaz/industrial/special/h
ttp://www3.epa.gov/epawaste/nonhaz/industrial/special/ 
for details.) 


36 14 17 In the IRODA subsection, or in a new Section 2 
subsection, [summarize] what technologies were 
previously screened by EPA per the documents 
ANL reviewed. This will help contextualize the 
new work performed by ANL. 


Argonne agrees that it would be good to identify other 
alternatives considered. However, this will add text to the 
report without changing conclusions or recommendations. A 
sentence is added before the last sentence of this paragraph, 
on Line 28, as follows: Pg. 16, Line 10 
 
Additional alternatives previously screened and 
considered by EPA may be reviewed by examining the 



http://www3.epa.gov/epawaste/nonhaz/industrial/special/
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IRODA (IRODA; EPA Region 10 2012a). 
37 21 22 Add radionuclides. Language will be added to reflect the fact that radionuclides 


are present, but are not regulated under RCRA: …to address 
heavy metals and radionuclides (although radionuclides 
are not regulated under RCRA). 


38 21 42 The statement that FMC site is a CERCLA site, not 
a RCRA site, is incorrect. It is also a RCRA site. 
The RCRA ponds are subject to RCRA 
requirements. The CERCLA FMC OU does not 
include the RCRA ponds. 


The language in Line 42 will be changed as follows:  
 
The FMC site is regulated under both RCRA and 
CERCLA. The CERCLA FMC OU does not include the 
portion of the site regulated by RCRA post closure 
plans, the so-called “RCRA ponds.” However, the 
CAMU-option may be brought in to the CERCLA action 
through ARARs. Management of remediation waste…. 


39 22 19 Regional screening levels are not cleanup levels. 
At times for site-specific reasons they may be used 
as the basis for cleanup levels, but they are not in 
and of themselves cleanup levels. If no regulatory 
level exists, a site-specific risk assessment would 
need to be conducted to develop risk-based 
cleanup levels for various exposure scenarios. 


The language in Line 18 will be modified as follows: EPA 
Regions 3 and 9 have established regional screening 
levels that can serve as the basis for the development of 
cleanup levels.  


40 22 31 Statement that that RSLs are below presumed 
RCRA characteristic cutoff needs to be revised. 
See comments above on presumed cutoff level. 


The language will be modified as follows: As can be seen, 
these human-health-based RSL levels for P4 are 
probably lower than the levels below which the waste 
would be considered to meet a RCRA ignitability or 
reactivity characteristic.  
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41 22 42 The statement that RSL could be considered an 
ARAR is not accurate, as RSLs are not standards, 
requirements, criteria, or limitations under federal 
or state environmental law. Therefore, they are not 
ARARs. 


The language will be modified as follows: Nevertheless, the 
RSL would be a “To Be Considered” but not an ARAR 
under CERCLA, since RSLs are not standards, 
requirements, criteria, or limitations under federal or 
state environmental law.  


42 24 44 The document states that health and safety 
concerns would be no greater than those during 
original industrial process. ANL should indicate 
that they have taken into account the unknown 
location and concentrations of P4 in the 
environment. A basis or rationale for this 
assumption or statement should be provided. 


Pg. 44, Lines 41 and 42 will be modified as follows: in 
Remedial Action (RA) units where hazards are 
understood (for example, RA units such as the historical 
ponds where process knowledge can be used to establish 
site worker risks), concerns for worker exposure during 
active remediation efforts would be no greater than 
those for exposure during the original industrial 
processes for producing, packaging, transporting P4 
and for managing soil and debris created as a result. 
For those RA units where process knowledge is absent 
and where the CSM is not refined, there would be 
greater site worker risks. Nevertheless appropriate…. 
 
Pg. 44, Line 46, after “OSHA”: Where site worker risks 
are not well understood (for example, if subsurface 
samples potentially containing P4 are collected during 
any future CSM refinement activities), unknown hazards 
would need to be addressed accordingly with 
conservatively safe PPE, monitoring, and sampling 
approaches to comply with OSHA.  


43 27 23 This line appears to contain an extra word 
(“sources”). 


The second instance of “sources” will be removed.  


44 28 17 The FMC facility closed in 2001, not 2011.  2011 will be changed to 2001.  
45 28 35 Tribal government should be added.  The Tribal Government will be added. 
46 28 46 The planned capping and gamma cover remedies 


are not ETTs, so unless capping/containment was 
contemplated by ANL for off-site disposal, it 


Comment noted. 
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would appear out of scope to evaluate cap and 
cover. 


47 29 20 Should this be Occidental Petroleum/Glenn 
Springs, Ducktown, TN? 


The bullet on Pg. 29, Line 20 is revised to read as follows: 
Occidental Petroleum, Glenn Springs, Ducktown, 
Tennessee. 


48 33 8 Suggest that ANL incorporate discussion of the 
three key guiding principles (enough water, can 
safely excavate/handle P4, worker safety issues 
with ETT are comparable with FMC facility 
operations safety issues) explicitly with each 
technology.  


The Review Team makes references to the elements that 
make up the guiding principles, at least implicitly, in the 
discussion and review and evaluation table content for each 
ETT.  


49 33 22 The design extraction rate for the P&T has not 
been finalized but is estimated to be around 
600 gpm. Are there any ETT scenarios where this 
flow rate would be insufficient? 
 


Pg. 33, Line 25. A footnote will be added to indicate the 
following: Water use would mainly be required to 
manage the risks associated with excavation (whether 
by mechanical or by hydraulic means). As a result, the 
removal of P4 waste and processing by ancillary 
technologies could proceed in phases dictated by water 
requirements (should water requirements be a limiting 
factor).  


50 35 16 Statement is made that soil and debris could be 
“triaged,” and some P4 waste would not require 
treatment. How would this determination be made? 
And provide a rationale for this statement. 


The Review Team will modify language in this section as 
follows: Line 8: ETTs can be “triaged” or categorized in 
that…. 
 
The following will be inserted at Line 17: Waste P4 that 
would not require treatment is waste that meets agreed-
upon treatment requirements established for the second 
fraction. Some waste present at the site would 
presumably already meet such treatment requirements.  


51 35 Gen. For all technologies: ANL should address 
throughput rates vs. assumed waste quantities and 
connect the dots to cleanup durations. Many of the 
identified ETTs seem to have low production rates, 


Argonne agrees that throughput rates are an important 
consideration in determining which ETTs should be 
considered further. An equally important consideration is the 
mass, volume, and concentration of P4 wastes to be treated. 
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which could lead to long remediation timeframes. Some of the ETTs can be scaled-up as needed. For example, 
the A&W mud still design could be scaled up, or multiple 
units could be constructed to obtain a sufficient production 
rate for treatment. Where information is available, the 
Review Team reports throughput. For example, the volume of 
dredged materials treated by a transportable mobile rotary 
kiln used at the Bayou Bonfouca Superfund Site is included 
in the text to provide some understanding of the waste 
treatment capacity of such systems.  


52 36 1 On-site disposal in a CAMU or CERCLA unit is 
not, by definition, an ETT. If on-site land disposal 
of excavated P4 waste could be possibly coupled 
with ETTs, ANL should discuss land disposal in 
that manner to differentiate ETTs from landfilling. 


Pg. 36, Line 1, will be modified as follows: Disposal 
technologies (considered for P4 waste that has already 
been treated)…. 


53 36 38 In situ thermal remediation vendors use diagonal 
and horizontal drilling and trenching approaches to 
install heating units (electrodes, steam injection 
pipes, etc.) in other-than-vertical configurations. 
Suggest perusing web sites for several additional 
vendors in addition to Tersus and TerraTherm: 
TRS (http://www.thermalrs.com/), Geo 
(http://www.georemco.com/insitu.php), and 
McMillan-McGee (http://www.mcmillan-
mcgee.com/mcmillan-mcgee/index.php). 


The first link did not work. Information in the second link 
(i.e., http://www.georemco.com/insitu.php) seemed to focus 
on vertical wells only. The third link provides some 
information about horizontal wells.  


54 37 8 Would steam also involve a potential flux of 
oxygenated air into the reaction zone? Heat + 
oxygen + P4? 


Not necessarily, in that the gas delivered to the reaction zone 
in this scenario would likely be steam mixed with an inert 
gas, such as Ar or N2.  


55 37 11 What is the estimated extraction efficiency? Extraction efficiency is unknown, which is why, as stated in 
the report, a pilot-scale study is needed.  
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56 37 30 ANL mentioned during the September 21, 2015, 
presentation that additional characterization using 
geophysical methods could help fill data gaps and 
enable an updated CSM. It would be helpful if 
ANL would provide more details on specific 
geophysical survey approaches/methods/tools to 
address data gaps and determine extent of 
contamination. 


We do not have a geophysicist on the Review Team. 
Presumably, EPA and the Tribes have probably consulted 
with a geophysicist in the past about CSM refinement. Since 
all structures have been demolished, there may now be an 
opportunity to perform geophysics at the site as part of a 
CSM refinement effort. One technique to consider is 
resistivity or high-resolution resistivity (HRR). HRR can be 
used to delineate regions of the vadose zone with anomalous 
electrical conductivity. However, these methods work best 
when the results can be validated with borings and sample 
results in proximity to where the geophysical investigation 
has occurred.  


57 37 31 The fact that there has not yet been a laboratory 
study, or a field application, to assess whether 
applying heat to a formation containing P4 would 
promote effective downward draining of P4, seems 
like a significant concern potentially leading to 
screening out this technology from further 
consideration. Would molten P4, with a specific 
gravity of 1.8, behave as a DNAPL and flow with 
gravity and soil porosity vs. hydraulic gradient? 
The report should articulate why this approach is 
still considered viable. 


All of the in situ technologies examined have been screened 
out. The Review Team has posed a DNAPL-like contaminant 
CSM in a comment above.  


58 38 9 A statement is made that estimating the amount 
[of P4] remaining would be difficult to 
characterize safely because in past site 
characterizations, a “precedence to avoid drilling 
into P4 was set.” Please clarify what is meant by a 
“precedence to avoid drilling into P4.” Does ANL 
mean this was an administrative decision or a 
health and safety decision and provide the basis for 
this determination? ANL has indicated it arrived at 


This statement is actually made on Pg. 11, Line 10. The 
Review Team examined archival information to draw 
conclusions. Since EPA staff were present throughout the 
CERCLA and RCRA closure/post-closure activities, EPA is 
in the best position to know whether the precedent was an 
administrative decision or a health and safety decision. The 
information reviewed suggests that investigators avoided 
drilling into any area where P4 could be present due to health 
and safety considerations. As noted in a global response 
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different conclusions regarding the ability to safely 
characterize, excavate, and treat P4 wastes than 
other entities. It would be helpful if ANL provided 
information on how the data gaps could be safely 
filled given known hazards associated with drilling 
into P4 waste. 


above, the Review Team will acknowledge that there would 
be investigation worker health risks if conventional 
investigation techniques were used. The Review Team will 
also note that alternative investigation methods (remote 
drilling, drilling with cryogenic fluids, augmented health and 
safety protocols, and geophysics) were not attempted, and 
that these alternative methods could have been implemented 
with manageable site worker risks. The text on Pg. 11, 
Line 12 will be modified as follows: Using conventional 
investigation techniques and routine health and safety 
protocols, there are obvious… 


59 39 1 Table 5-1: A statement is made that the “formation 
would wipe them clean.” Please explain what this 
means. 


Text in Table 5-1 and Table 5-3 will be changed to: It is 
expected that if direct push methods were used, there 
would be only a minimal amount of P4 on withdrawn 
drill rod or casing, since they would be rubbed clean on 
clean, shallow soils. With regard to extracted P4, 
significant safety and management issues would need to 
be addressed. 


60 40 1 Cite data sources regarding P4 solubility in food 
oils. 


A citation will be added: (Marck Index, 2001) Merck 
Index, 2001, Thirteenth Ed., Merck & Co., Inc., 
Whitehouse Station, New Jersey. 


61 41 5 Solvent extraction relies on surface chemistry and 
surface contact, and the waxy P4 solids likely have 
a low to moderate surface area to mass, meaning it 
will take longer and a lot of solvent to dissolve and 
recover the P4. This is a very common issue with 
solvent extraction remedial technologies. It could 
be more effective if performed above the 
P4 melting point, as that would increase its surface 
area and the resulting rate of dissolution into the 
solvent. That would also add cost per the thermal 
treatment discussed above, but perhaps a combined 


These are appropriate points that are reflective of the 
uncertainties about the P4 present in the subsurface (at 
locations away from the historical ponds). The P4 could be 
present as a single mass of material directly beneath the 
furnace, for example, or be dispersed throughout the vadose 
zone in a contaminant distribution somewhat similar to a 
DNAPL with ganglia, smear zones, stringers, etc. A 
combined approach of heating and treating may optimize 
performance, especially for the DNAPL-like contaminant 
CSM, but optimally one would need to know more about the 
CSM to combine technologies. 
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approach would optimize the performance. 
62 41 33 Given that soil auger/oxidant injection equipment 


can go upward to 50 ft, if one can excavate to 35 ft 
below ground surface (safe excavation of soil with 
P4, as well as if the soil formation and storage 
capacity can support such excavation), this may be 
an alternative to well injection for oxidant delivery. 
Recovery/extraction wells may still be needed to 
ensure waste doesn’t migrate. 


Agreed. Excavation to 35 ft would be an ex situ method, 
which the Review Team has included as an ETT. Treatment 
of P4 with auger/oxidant equipment post-excavation would 
be an in situ method with the same uncertainties already 
noted for in situ ETTs.  


63 41 40 What would the return on investment (ROI) be for 
a thermal remedy where P4 was heated just at or 
about 45°C? Would it have to be significantly 
warmer to be effective, and would the incremental 
cost and energy to make it warmer be well worth it 
for performance? 


The ROI is unknown to the Review Team. 


64 43 1 The IAEA figure indicates the hot water 
flooding/extraction injection and extraction wells 
have 100 ft? How does this compare with the 
pump and treat system installed under the IRODA? 
Would there potentially need to be a closer 
spacing/greater density to ensure hydrogeologic 
control? 


As noted on Pg. 41, Line 44, the IAEA figure is conceptual 
and is not meant to imply an actual design. The design of the 
IRODA pump and treat system would be useful information 
for designing an in situ system. The density of any 
injection/extraction system would be dictated by the 
contaminant distribution as well.  


65 45 3 It is unclear if ANL evaluated ETTs for areas of 
known high P4 contamination (ponds and furnace 
area) or for the whole OU. It would be helpful if 
ANL clarified what/where they focused their 
evaluations for the specific P4 in place.  


Pg. 45, Line 40. The text indicates that the in situ method is 
most appropriate for deep subsurface white phosphorus 
contaminated zones that are not amenable to excavation.  


66 45 25 Would it be possible to utilize a slow(er) release 
oxidant? 


That could be evaluated via bench- or pilot-scale testing. It 
may be found that a slow-release oxidant, such as potassium 
permanganate in paraffin, would be preferred over a more 
rapid-release reactant.  
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67 47 1 Table 5-5: Impacts to environment during 
implementation. Would this call for SVE as a 
safety feature, in the same way ozonating the 
vadose zone might? 


The Review Team suggests enclosing the injection/extraction 
well site and off-gas treatment on Pg. 47.  


68 48 6 “Success” needs to be defined for the purpose of 
the Phase 1 Independent Review. From ANL’s 
perspective, does success mean complete removal 
of all P4 such that a cap and institutional controls 
will no longer be required? Recommend clearly 
describing the “end state” of the FMC OU 
following application of each ETT.  


Argonne agrees that it would be a good idea to describe the 
end state, but for active remediation in general, not for each 
ETT. The following sentence is inserted on Pg. 25 in a new 
paragraph on Line 33: 
 
The end state of the application of a suite of ETTs for 
active remediation of the FMC OU would be that all 
contaminated media no longer exhibit the RCRA 
characteristics of ignitability and reactivity, that P4 is 
removed to acceptable cleanup levels, and that RCRA 
LDRs are satisfied for heavy metals and other 
constituents, as appropriate. There are two possible 
exceptions to this suggested end state. First, and as 
allowed by CERCLA, EPA could, with adequate 
justification, choose to waive certain requirements 
through one of the statutory ARAR waiver approaches 
(http://www2.epa.gov/superfund/applicable-or-relevant-
and-appropriate-requirements-arars). This may be 
especially applicable to RCRA LDRs. Second, and as 
stated previously, the CSM would have to be improved 
to permit adequate understanding of heavy deposits of 
P4, such as that underlying the Furnace Building and 
that contained within the buried railcars. 
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69 49 12 Some remediation construction companies have 
successfully trenched to nearly 100 feet bgs at 
some sites as part of installation of a slurry wall as 
a vertical engineered barrier. Additionally, in situ 
solidification/stabilization implementors 
successfully use auger/mixer equipment to 
implement ISS to 50 ft bgs. Maximum depth at the 
FMC OU would need to be determined based on 
soil stratigraphy and contaminant characteristics, 
and potentially other design parameters. Please 
include that the depth of contamination would need 
to be confirmed. 


Comment noted. The discussion on the ETT indicates the 
importance of determining the extent of contamination in the 
subsurface. The Review Team identified issues with ISS 
placement at another elemental phosphorus manufacturing 
site, Tarpon Springs, Florida, where chemical reactions 
between the solidification/stabilization material and P4 
caused a fire in the test area and where debris present in the 
test area caused difficulties with the in situ technique (see 
Appendix F, Supplemental FS).  


70 49 40 “Cost-prohibitive” needs to be defined. What 
makes something cost-prohibitive? Recall that for 
the Phase 1 Independent Review, EPA and the 
Tribes did not want ANL to rule out potential 
ETTs solely on cost; thus, the concept of “cost-
prohibitive” is not appropriate for this report. 


Cost is referred to here in a general sense. See the response to 
General Comment 8 above regarding the use of cost in the 
evaluation of technologies.  


71 51 1 Table 5-6: This is the first time that contract 
acquisition is mentioned with respect to “time to 
implement,” but it would be a factor for all ETTs. 


Argonne agrees with EPA on this comment. This is the only 
line in the entire report that refers to contract acquisition. The 
sentence in Table 5-6 is revised as follows: Identifying a 
containment approach could take up to 1 year. 


72 54 1 How would you keep the vadose zone wet on a 
large scale? Would you look at 
compartmentalizing the site on a footprint and 
depth basis to minimize the scale of what has to be 
kept wet at any one time? Please provide more 
detail. 


The reference relates to wetting P4 waste once it is brought to 
the surface during excavation and not wetting the entire 
vadose zone.  


73 58 37 Typo: The vs. he. The text will be changed. 
74 70 8 Use of food oils may add substantial BTUs to 


partially dewatered sediments. 
Comment noted. 
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75 71 10 Table 5-10 estimates almost 18,000 tons of P4, so 
this technology with this throughput at 90% uptime 
would take 9.5 years to incinerate/de-characterize 
the P4 if the mass/volume is similar to Army 
waste.  


The incinerator at the Crane Army Ammunition Plant was 
cited as an example of incineration technology. The P4 waste 
that would be excavated at the FMC site would not be similar 
to the waste treated at the Crane incineration facility. Some 
mobile incinerators have a much greater capacity (up to 
10 tons/hr); see http://www.environmental-
expert.com/services/thermal-treatment-of-hazardous-
waste-mobile-incinerators-199705. 


76 82 43 This kind of caveat would lead one to serious 
concerns about scale-up and efficient operation of 
this unit, or is this typical O&M for an operational 
still/furnace? 


Table 5-13 states that low throughput is a limitation.  


77 83 7 Figure 5-13: Appears to be missing some pipes. Comment noted. 
78 84 28 This is a very small batch throughput. Can ANL 


speak to scalability? 3 cubic feet seems like a 
bench scale. 


The Review Team discussed scalability with investigators 
that performed the treatability study. A version of the 
technology, obviously scaled up significantly, is under 
consideration for treating P4 waste in the clarifier at the 
Silver Bow, Montana, site. 


79 87 Table 
5-13 


Regarding “Disadvantages” bullet 2: tell us more. 
How many units and how much bigger? Expected 
full scale throughout would be _X_? 


Limitations on throughput are discussed throughout 
Section 5.3.3. 


80 88 38 There is a statement that the LDR WTS was 
designed and built specifically to treat P4-
containing solids and sediments present in the 
historical ponds. The LDR WTS was only required 
to treat waste from Pond 18, and possibly Pond 17, 
but no other historical ponds.  


The Review Team has noted that the treatment of residuals 
from Pond 18 seems to be directly applicable to the treatment 
of the waste present in the non-RCRA historical ponds.  


81 90 1 Table 5-14: Repeat parenthetical description of 
LDR description in title as done in text: “(anoxic 
caustic hydrolysis, metals precipitation, filtration, 
stabilization).” 


The noted change will be made in the title of Table 5-14.  
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Comment 
No. Pg. 


 
Line 
Ref. EPA Comment ANL Review Team Response 


82 92 9 This is a relative comparison of two ETTs, which 
is not consistent with the Work Order from EPA 
OSWER to ANL. 


Comment noted. The comparison occurred as part of the 
FMC investigation into treatment technologies. The results of 
the comparison speak directly to the overall likelihood of 
success at FMC. 


83 94 2 Suggest revising the order in the table, perhaps 
from most to least soluble. 


Comment noted. The table will not be reorganized. 


84 94 2 Table 5-16: Isn’t ethanol flammable? Table 5-16 will be modified to indicate that ethanol is 
flammable.  


85 97 18 Technology review, not design. Line 18 will be changed to indicate the following: 
acceptance survey is outside the scope of this 
independent review.  


86 103 1 500,000–750,000 CY may not overwhelm a 
permitted RCRA C facility. Did ANL contact the 
three closest ones to reality check throughput 
limitations as well as waste acceptance criteria 
(Laidlaw - Utah, ChemWasteMgmt - Oregon, 
U.S. Ecology - Idaho)? Provide a rationale for this 
statement. 


Argonne agrees that 500,000–750,000 may not overwhelm a 
permitted RCRA facility. And no, Argonne did not contact 
any RCRA TSDFs to determine possible acceptance of a 
large volume of waste.  


87 105 35 Note that the SFS includes a Section 7 figure 
(Figure 7-2). For what was the IRODA selected 
remedy that indicates pipes suspected (based on 
process knowledge) to contain P4 that would be 
cleaned. 


Comment noted. The figure used also depicts the RUs where 
pipelines are suspected to be present.  


88 115 15 “Guzzler” could use a reference. Guzzler™ was referenced in a previous section of the report.  
89 122 4 Excavation technologies also have a similar 


limitation regarding insufficient characterization 
(i.e., one cannot just start digging up a site without 
a level of confidence in knowing the state and 
location of contamination). Ex situ treatment 
technologies may share in this limitation, noting 
that incineration may have a greater degree of 
flexibility for successfully processing P4-related 


This section is discussing in situ treatment technologies that 
could potentially target areas not accessible with excavation 
technologies. As it happens, P4 present in the deep 
subsurface is not characterized at all. In contrast, much more 
is known about the contents of the historical ponds that could 
be targeted with excavation technologies. This is due to 
process knowledge and the fact that some samples have been 
collected from the historical ponds (EPA 2003). 
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Comment 
No. Pg. 


 
Line 
Ref. EPA Comment ANL Review Team Response 


wastes. 
90 123 17 It should be recognized that P4 also exists 


throughout the OU, as evidenced by the recent 
grading activities. 


Pg. 123, Line 18, will be amended as follows after “FMC 
Plant”:  As noted during the grading operations 
performed in 2015, P4 exists throughout the materials in 
the near surface.  


91 124 10 Note that the dry excavation experience as 
quantified in Appendix C is specifically related to 
P4 found in the regrading and consolidation of site 
slag related to implementation of ET cover and soil 
cover systems for the IRODA. The total quantity of 
P4/slag waste excavated was less than 1,000 cubic 
yards out of over 2 million cubic yards relocated. It 
may be useful for ANL to indicate what aspects of 
the P4/slag experience would be relevant to ETT 
implementation more broadly in the FMC OU. 


Pg. 124, Line 13: The following language will be inserted: In 
the event slag needs to be moved to gain access to a 
P4 excavation area, experience gained when moving 
slag as part of the regrading project may be useful. 


92 124 12 From a health and safety and environmental 
protection standpoint, it may not be an acceptable 
practice to simply uncover P4 and allow it to burn 
until the smoke is no longer visible. During the 
grading operations, P4 encountered was 
immediately quenched with sand. Reference to this 
as an acceptable excavation technique should be 
removed. It would be helpful if ANL identified 
limitations and complications if P4 in soil were to 
be open burned (i.e., what would be the 
combustion gas rate of generation, anticipated 
concentrations compared with worker safety and 
for off-site fugitive emissions the acute and 
chronic exposure levels and restrictions). What 
would be the impact area and potential evacuation 
zone needed? 


The noted language will be changed as follows: When P4 
was uncovered, it was immediately quenched with sand.  
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Comment 
No. Pg. 


 
Line 
Ref. EPA Comment ANL Review Team Response 


93 124 32 Would you expect the site to drain rapidly given 
the site geology, particularly in the vadose zone? If 
yes, how would that affect the water usage rate to 
keep P4 submerged during ETT activities? 


It is known that the historical ponds were used to retain waste 
submerged in water in the past. As a result, for the historical 
ponds, it seems reasonable to expect that waste in an 
excavation footprint could be kept submerged.  


94 124 39 Are the three identified excavation methods 
applicable to specific spatial and depth locations in 
the FMC OU? For example, which ones would be 
applicable to presumed shallow depths for waste in 
the CERCLA ponds? What about deeper “candles” 
of P4 beneath the process facility? What about P4 
within the capillary fringe or upper saturated zone, 
around 85 ft bgs? 


The requested information is provided in Table 5-10.  


95 125 40 It would help if ANL can speak to excavation, 
transport respecting off-site management, and 
incinerator throughput. It would also be useful if 
ANL can provide more specificity on past FMC 
industrial safety practices with P4 that would be 
applicable to excavation during remediation. 


Section 5.3.1.2 includes a discussion on the volumes of 
sediments treated by incineration at the Bayou Bonfouca 
Superfund Site. Pg. 70, Line 33, will be amended as follows: 
…in a rotary kiln incinerator treated at a rate of 
approximately 25 tons/hr (EPA 2001). 
 
One FMC source that includes specificity on past FMC 
industrial safety practices is the following: FMC Corporation, 
Phosphorus Chemicals Division, 1999 RCRA Case-by-Case 
Extension Application, July. Appendix CC (Pond 
Management Plan) of that document includes a discussion on 
the operation of remotely operated surveying equipment to 
assess sediment depth; the operation of auger and suction 
dredges; the movement of dredged slurry to a tank; the use of 
water to control the threat of bank fires; the operation of a 
vacuum truck to place materials into Pond 16s; and the 
movement of phossy wastes from containers into ponds.  
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Comment 
No. Pg. 


 
Line 
Ref. EPA Comment ANL Review Team Response 


96 126 8 For reference, please indicate what quantity of P4-
impacted soil would be transported for off-site 
incineration. Statements about possibly needing 
dedicated trucks or railcars may not appear feasible 
or reasonable if the volume is over 500,000 cubic 
yards vs. a smaller amount of P4 waste. 


The amount of P4 waste to be transported off site would 
depend on what RUs are actually remediated. The noted 
language in Line 14 will be modified as follows: If a large 
quantity of P4 waste is to be excavated in a short period 
of time, a large number of trucks (or railcars) may be 
required.  


97 128 25 IRODA Section 8.3.3, page 45, says “The removal 
of elemental phosphorus from the underground 
pipes can be done safely because the material is 
relatively homogeneous, contained in pipes at 
known locations, and is a relatively small quantity. 
Removed sludge will be disposed off-site 
following characterization in an appropriate 
landfill or be incinerated. The sludge will be 
removed, so this storm/sewer piping may remain in 
use.” ANL’s work in investigating ETTs 
potentially applicable to underground pipes may be 
useful to EPA Region 10 and FMC; however, it is 
not clear that ANL’s evaluation and presentation of 
technologies relevant to piping is responsive to the 
Phase 1 Independent Review Work Order. 
Additionally, the IRODA’s handling of pipelines 
may not be problematic to the Tribes since EPA 
selected pipe cleaning and disposal for P4 
contained in pipes known or suspected to contain 
P4 based on process knowledge. 


The noted language is a description of elemental phosphorus 
in the storm sewer piping only. As noted in Table 5-21 of the 
independent review, other pipes are located throughout the 
FMC OU that apparently also could contain P4. The Review 
Team looked at pipelines because they could contain P4 and 
thus seemed to be consistent with the Work Order to 
investigate the treatment of P4 at the site. 


98 129 6 It is not clear how an enhanced CSM or really 
anything short of excavation of the railcars 
themselves will provide the necessary information 
to evaluate potential ETTs. Nonintrusive 
characterization work may better identify the 
railcar locations but how would this speak to the 


The Review Team notes that some additional information 
would be needed to start with the first step: excavation of the 
railcars. 
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No. Pg. 


 
Line 
Ref. EPA Comment ANL Review Team Response 


amount and condition of the contents, or former 
contents if there have been any leaks or migration? 


99 133 26 It would be helpful if ANL could provide some 
input or examples on potentially safe(r) 
characterization approaches that could fill ETT 
data gaps. For example, are there in situ sensors or 
indirect measurements that could provide an 
appropriately high density of data on the presence 
and relative concentration of P4 in soil throughout 
the vadose zone as well as shallow saturated zone? 


See the response above to a Global Comment. 


100 135 4 2012 IRODA was for the FMC OU only. Identify 
2010 FS as the Supplemental FS to distinguish it 
from the original site-wide FS. 


The noted clarifications will be integrated into the text. 
Pg.   135, Line 4, will be amended as follows: …Rod for the 
FMC OU in Pocatello, Idaho (EPA Region 10 2012a). 
In the Supplemental FS a review of … 


101 135 22 FMC OU not FMC site. The text will be changed to FMC OU. 
102 135 25 Recommend documenting the face-to-face meeting 


with EPA, the Tribes, and FMC as well as the 
follow-up separate meeting with the Tribes prior to 
the Independent Review kick-off. 


The language on Pg. 135, Line 14, will be modified as 
follows: The Work Order was developed during a face-
to-face meeting with EPA and the Tribes and was 
refined in a follow-up teleconference in the spring and 
summer of 2014. 


103 135 28 Draft and draft final lists should be included for 
reference in an appendix. [ANL] should also [give] 
recognition that the draft and draft final lists of 
ETTs to be evaluated were for the sole purposes of 
ANL, and neither EPA nor the Tribes had any 
input into the final list of ETTs evaluated. 


Only the final list will be included in the report.  
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No. Pg. 


 
Line 
Ref. EPA Comment ANL Review Team Response 


104 136 5 It would be helpful if the general categories of 
uncertainties for in situ technologies were 
articulated here (i.e., viability, efficacy, 
implementability, etc.) 


These uncertainties have been detailed in Section 6.2.1 on 
Pg. 122. 


105 136 8 Would in situ technologies pose more significant 
safety and cost concerns than ex situ and if so, 
what is that determination based on? How were 
these factors (safety and cost) compared to ex situ 
alternatives? 


This statement will be augmented. Pg. 136, Line 8, will be 
modified as follows: …the health and safety concerns 
would be caused by the need to perform additional site 
characterization work. 


106 136 10 It is inferred that this sentence is referring to 
ex situ ETTs. For clarity, recommend including 
“Further, the Review Team decided that several 
ex situ ETTs also did not warrant….” 


The ETTs included here are all ex situ ETTs. 


107 136 15 It is unclear if this statement is just referring to the 
railcars or all ETTs. 


The statement will be clarified to indicate that the reference 
to the CSM refinement relates to the abandoned railcars. 


108 136 21 Based on how the analysis was conducted 
(separating excavation and treatment 
technologies), virtually all ETTs in this list would 
need to be coupled with other technologies. As 
stated elsewhere in EPA’s comments, it would be 
useful if ANL more fully developed how a 
combined remedy approach could be used to 
successfully remediate P4 in soils at the FMC OU. 


The phrase “coupled with other technologies” will be 
removed. 


109 137 1 It would be helpful if there was some discussion of 
the specific safety risks associated with 
implementation of the evaluated ETTs. Could 
include some examples such as uncontrolled 
reactions causing fires, toxic gas emissions, etc. 


Argonne believes that the safety risks associated with 
P4 remediation are well understood. No changes to report. 


110 199 11 Needs space. A space will be added. 
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FIGURE 2-2  Estimated mass and concentrations of P4 present 
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Estimated mass of P4 (18,370 tons)


Historical ponds and RR Swale,P4 concentration 0.25 to 20%


Railcars, piping and capillary fringe, P4  concentration > 24%
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APPENDIX I: ARGONNE’S EDITORIAL CHANGES 


 
 


In addition to the changes to the Draft version of the document required by responses to 
comments from the Shoshone-Bannock Tribes (Tribes) and the U.S. Environmental Protection 
Agency (EPA), changes to the Draft version of the document as noted in Appendix I were 
required to: 
 


• Add a reference to the meeting in the Tribal Council Chambers; 
 


• Reference the comments from the Tribes and EPA and responses to the 
comments by the Review Team; and 


 
• Address additional editorial changes results from the required Argonne 


technical review process.   
 
Pg. 7, Line 42: The bullets will be changed as noted below:  
 


• RU 1 – Furnace Building, secondary condenser, and loading dock; present 
possibly due to leaks and spills from production processes and waste 
management and/or injection of waste or excess P4; 


 
• RU 19c – Railcars (also known as “buried railcars” or “abandoned 


railcars”); present because they were filled with P4 sludge and then buried in 
the slag pile (RU 19);  


 
Pg. 9, Line 40: The following will be added: “The contaminant CSM is somewhat refined for 
some RUs and is almost hypothetical for other RUs. As discussed below, there are few or no 
sample results to characterize the presence of P4 in the deep subsurface (e.g., the capillary 
fringe and the vadose zone beneath the Furnace Building). However, process knowledge can be 
used to characterize the contents of the waste present in the historical ponds. In addition, 
borings have been collected adjacent to or within several of the historical ponds, resulting in 
additional information that contributes greatly to the contaminant CSM for the historical ponds. 
Investigators have even described soil borings collected from historical ponds within RU 22B as 
“pure precipitator dust” and “phossy solids” (EPA 2003).” 
 
Pg. 9, Line 43: This line will be changed as follows: “…the Furnace Building vicinity assumes 
that warm, liquid P4 migrated downward from the sumps and….” 
 
Pg. 11, Line 5: The following paragraphs will be added:  
 
“A different aspect of the CSM for the deep Furnace Building P4 is the possibility of an injection well(s) 
used to dispose of impure or excess pure P4. On the basis of discussions at the September 21, 2015, 
meeting at the Fort Hall Tribal Business Council, the injection well was said to be at the west end of the 
Furnace Building and was used to dispose of P4 waste near the water table. The piping was warmed by 
circulating hot water through a double casing to prevent clogging. Some of the P4 was pure but was 







 


I-4 


 


excess once the railcars were full. This practice continued until the early 1990s when the well was hidden 
by a slab of concrete. An online database of wells was searched for a possible injection well(s) at the west 
end of the Furnace Building (Idaho Department of Water Resources 2015); however, the data in this 
source are only as recent as 1992, so the existence of an older injection well could not be confirmed.” 
 
[Idaho Department of Water Resources, 2015, “Well Construction” search online database 
http://www.idwr.idaho.gov/Apps/appsWell/WCInfoSearchExternal/. Accessed on September 23, 
2015.] 
 
 “It is possible that P4 beneath the Furnace Building is present due to both the use of an 
injection well and the infiltration of P4 leaked from sumps and tanks. The former would explain 
the deep P4 observed in several boreholes (described below); the latter would explain any P4 in 
the thick unsaturated zone and also possibly the deep P4.” 
 
Pg. 11, Line 9: The following will be inserted after “northeast”: hydraulically. 
 
Pg. 13, Line 5: “the liquid P4” will be replaced with: “any liquid P4.” 
 
Pg. 13, Line 12: The following will be inserted after “temperature was above 100°C”: 
“Alternatively, P4 could have been released near the water table by a heated injection well 
system. It is possible that both transport mechanisms could have been in effect. In either case, 
the P4 may have built up as a mass or “blob”… 
 
Pg. 18, Line 16: …meaning that soil and debris containing significant amounts of P4 once 
exhumed, would… 
 
Pg. 21, Line 31: Disposal of contaminated in the on-site CAMU may be done under a reduced 
set of requirements (for example without meeting LDRs)… 
 
Pg. 30, Line 24: Two new sections (Sections 3.7 and 3.8) will be added to the document: 
 
3.7  Presentation of Findings from the Draft Report,  
 
 The Review Team submitted a draft version of the report to the Tribes and the EPA on 
September 8, 2015. The Review Team presented the results of key findings from the Draft report 
to the Fort Hall Business Council, in the Fort Hall Council Chambers on September 21, 2015. 
All members of the Review Team (listed in Chapter 1) participated in the presentation. The 
presentation was followed by a morning and afternoon question-and-answer session. A follow-up 
webinar presentation was also provided to representatives of EPA who could not attend the 
meeting in Fort Hall. The webinar meeting occurred on September 28, 2015. This meeting was 
attended by all members of the Review Team, representatives of the Tribes, and EPA staff 
members. 
 
  



http://www.idwr.idaho.gov/Apps/appsWell/WCInfoSearchExternal/
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 3.8  Response to Comments and the Final Report 


On the basis of information presented at the Fort Hall Business Council meeting, the 
follow-up webinar meeting and the content of the Draft report, the SBT and EPA produced a 
series of comments. The Review Team responded to the comments by including a discussion 
and/or the actual language used to address the comments. The Tribes’ comments and Review 
Team responses can be found in Appendix G. The EPA comments and Expert Review Team 
responses can be found in Appendix H. Also included is a summary of changes required during 
final editing by Argonne staff (Appendix I). This Final version of the independent review report 
includes changes in the Draft version needed to address the Tribes’ and EPA’s comments and to 
address editorial and technical issues noted in the Draft version. 
 
Pg. 106, Line 26: “would overwhelm” will be changed to “could overwhelm.” 
 
Pg. 107, Line 1: “would be overwhelmed” will be changed to “could be overwhelmed.” 
 
Pg. 112, Line 30: This line will be modified to reflect the fact that regrading has covered the 
native soil: Figure 5-16 is a photograph of site visitors standing at or near the level of native soil 
(before the 2015 regrading operation). 
 
Pg. 136, Line 10: ETTs will be modified to: ex situ ETTs.  
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Subject: RE: 2nd email with Appendices
 
All,
 
Here is the second e-mail with Appendices.
 
Louis Martino
Argonne National Laboratory
955 L'Enfant Plaza SW Suite 600 
Washington DC 20024
 
 
202 488 2422
fax 2413
mobile 443 538 4260
 

From: Martino, Louis E.
Sent: Monday, February 01, 2016 3:09 PM
To: Kelly Wright; Jill Grant; Susan Hanson; dreisman@cinci.rr.com; Gervais, Gregory; Adam, Michael;
 Fiedler, Linda; Fonseca, Silvina
Cc: Kimmell, Todd A.; Quinn, John; Jerden, James L., Jr.
Subject: 1st of two emails with final report

All,
 
Attached please find the main text of the report. Another email will follow with appendices (to be sure
 large files get through file size walls at your organization). I know I am speaking for the Argonne team
 when I indicate that it has been a pleasure working with all of you. Thanks again for giving us the
 opportunity to work on this technically challenging project.
 
Louis Martino
Argonne National Laboratory
955 L'Enfant Plaza SW Suite 600 
Washington DC 20024
 
 
202 488 2422
fax 2413
mobile 443 538 4260
 

mailto:dreisman@cinci.rr.com

